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Foreword 


HE necessity for higher standards in the 

management of infants and children with 
surgical problems comparable to that achieved 
in adult patients has been the stimulus for the 
development of pediatric surgery as a specialty. 
Although many talented surgeons have contrib- 
uted significantly to this field, Dr. William E. 
Ladd was foremost in this country in demon- 
strating, by his own example, the remarkable 
improvement in patient care and results that 
are possible by concentrating the efforts of 
interested surgeons in the pediatric age group. 
In every aspect of child surgery to which he 
turned his attention, including esophageal 
atresia, congenital intestinal obstructions, bili- 
ary atresia and retroperitoneal neoplasms, re- 
markably better results followed his efforts. In 
addition he demonstrated the advantages and 
effectiveness of an organized surgical service in 
a children’s hospital, and finally he established 
a residency-training program that has spread 
his principles and methods to every section of 
the country. 


In this issue of The American Journal of Sur- 
gery an effort has been made to assemble current 
and authoritative views on a wide variety of 
the surgical problems met in this age group. 
It is hoped that these articles will be helpful to 
general surgeons who have a relatively small 
proportion of children in their practice. They 
should also be useful to surgical residents dur- 
ing their rotations through pediatric surgical 
services and perhaps during their preparation 
for Board examinations. Improvement in the 
surgical care of children depends less on the 
development of a specialty than on teaching as 
widely as possible to all concerned principles 
and technics of proved value. 

The surgeon caring for children carries a high 
responsibility but enjoys a rare privilege and 
sense of gratification. In this field results are 
measured not in years but in lifetimes. 

H. CLATWORTHY, M.D. 
The Children’s Hospital 
Columbus, Ohio 
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The Surgical Pediatric Patient 


-To Refer 


or Not To Refer 


F. W. DuVAL, M.D., F.R.c.S.(C) AND CoLin C. FERGUSON, M.D., F.R.C.S.(c), Winnipeg, Canada 


From the Departments of Surgery, The University of 
Manitoba and The Children’s Hospital, Winnipeg, Mani- 
toba, Canada. 


O REFER, or not to refer: that is the ques- 

tion, and that is the subject of this paper. 
When an infant born with an abnormality 
requires urgent and lifesaving surgery, when a 
toddler having sustained a severe burn needs 
intensive care, or when a child with peritonitis 
due toa ruptured appendix demands the utmost 
in medical and surgical skills, the decision, 
whether to care for the patient locally or to 
refer him to a larger center, rests heavily upon 
the shoulders of the local doctor. 

This paper is written with the hope that it 
may be of some help to general practitioners, 
pediatricians and surgeons when they are faced 
with these difficult problems. 


EMERGENCY REFERRAL IN NEWBORNS 


A surgical emergency in a newborn infant, 
in an area remote from complete diagnostic, 
laboratory and treatment facilities, presents 
great problems and challenges to the physician 
in charge, the country nursing unit staff and 
the family concerned. The happiness engen- 
dered by the new arrival is suddenly trans- 
formed into a nightmare of uncertainty, fear 
and family dislocation. The physician is faced 
with the problems of initial diagnosis and a 
major decision with regard to further treat- 
ment. Does he have the facilities available to 
insure the safe care of the child or must the 
baby be transferred to a center where special 
skills are concentrated? 

The competence and experience of the 
physician in pediatric surgery, the availability 
of twenty-four hour, trained pediatric nurses, 
the surgical facilities present, the anesthetist’s 
familiarity with newborn respiratory physi- 
ology, the excellence of the biochemical Iabora- 
tory will all be considered in the decision. If 
one of these factors is not present, it would be 
safer for the baby to be transported to an 
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area where these facilities are to be found. 

The hazards of transportation and the delay 
in definitive treatment can be minimized if the 
following physiologic differences between the 
adult and the newborn are recalled prior to 
movement of the infant: (1) The child has a 
relatively larger body surface area with a con- 
sequent greater heat loss from exposure. (2) 
The “thermal center” is not stabilized and the 
baby is unable to accommodate to changes in 
environmental temperature. (3) Compensatory 
homeostatic mechanisms are poor and the baby 
is not able to tolerate minor degrees of shock, 
overhydration or dehydration. (4) Because of 
the relatively greater secretory surface of the 
intestinal tract, if the bowel is not functioning, 
it is prone to very rapid and sudden dilatation, 
with subsequent elevation of the diaphragms 
and interference with respiration. (6) The 
respiratory center is labile, accessory muscles 
of respiration are poorly developed, respirations 
are primarily diaphragmatic and interference 
with its action will seriously embarrass the 
child’s ability to breath. (6) At birth the kid- 
neys are not mature. Children tend to be 
acidotic if they are dehydrated and this may 
occur quite readily. (7) Excessive handling of 
the newborn and extensive investigation may 
tire and weaken the child and decrease the 
chances for a successful outcome. 

Considering these factors, if the decision is 
made to refer the child to a pediatric surgical 
center, the following suggestions are made to 
attempt to reduce the hazards of transpor- 
tation and insure a quick and effective resolu- 
tion of a serious problem. 

The pediatric center or surgeon should be 
phoned and notified of the likely diagnosis, 
method of transportation and probable time of 
arrival. Arrangements for special transporta- 
tion at the receiving end can then be made. If 
the time of arrival is late in the day, x-ray 
technicians, operating room staff and labora- 
tory staff should be alerted. 
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Referring the Surgical Pediatric Patient 


Duplication of effort and loss of time in 
diagnosis may be prevented if the referring 
physician writes a brief history outlining the 
prenatal history, postnatal course, history of 
other abnormalities in the family, observations 
on the clinical course, number of meconium 
stools, times of regurgitation and vomitings and 
presence or absence of urine. 

If roentgenograms have been taken, they 
should be forwarded with the child to avoid 
delay in performing unnecessary examinations. 
Information about the best way of contacting 
the family and referring physician should be 
noted so that relatives may be informed of the 
baby’s progress. 

If the travel distance is short, say between 
two hospitals in the same city, a warm car may 
be sufficient to transport the baby; but for 
longer distances portable incubators, which 
keep the baby at normal or slightly subnormal 
temperature, are kept in many hospitals. Over- 
warming may increase the metabolic require- 
ments and harm the already sick infant. 

It is desirable that a nurse accompany the 
newborn. If vomiting or abdominal distention 
are likely to be a problem, a nasogastric catheter 
should be inserted and the nurse instructed to 
aspirate the catheter at hourly intervals. This 
will minimize the hazard of regurgitation and 
aspiration with subsequent pneumonia. Oxygen 
should be available but not administered 
routinely. 


ELECTIVE REFERRAL 


Many factors will influence the decision of a 
physician to refer children with elective surgical 
problems to a pediatric surgical center. Many 
of the factors that determine surgical referral in 
the newborn will also operate under elective 
conditions. The facilities to make an accurate 
diagnosis, the availability of special technics for 
postoperative care, the training and experience 
of the nurses and most important the attitude 
of the parents toward a surgical procedure on 
their child in a small unit must be considered. 
In many instances a physician who may be 
perfectly competent, is wise to refer children 
for surgery rather than risk criticism within his 
own community. A doctor’s reputation is a 
precious commodity in an isolated society 
and the confidence in his practice must be 
maintained. 

If a child is referred, the aim of both the 
referring physician and the surgeon is a com- 


mon one, namely, to correct the defect and to 
return the child to his own environment safely 
without complication and without mishap. 

Communication between the referring physi- 
cian and the surgeon must be maintained. An 
outline of previous illnesses, allergies and drug 
sensitivities should be forwarded at the time of 
consultation. Parental fears and attitudes 
should be outlined so that the doctor, to whom 
the patient is referred, may allay these fears 
and make the operation and convalescence as 
smooth as possible. If infection or diaper rash 
are present, these should be corrected so that 
no delays will occur at the referral center. The 
surgeon to whom the child is referred has a 
definite responsibility to the referring doctor. 
The surgeon must keep the doctor informed as 
to the progress of the child in order that the 
questions of anxious relatives in the city or 
town may be answered. In this respect, the 
long distance telephone is convenient and more 
effective than a letter arriving three days later. 

If the child is young, say under four years of 
age, he or she cannot be emotionally prepared 
for a new experience in an unfamiliar environ- 
ment. However, a full discussion with the 
parents by the referring physician of the proba- 
ble procedure should not be omitted. Opinions 
differ as to the advisability of the doctor dis- 
cussing the problem directly with the older 
child. Children are essentially trusting and 
before surgery some plausible explanation for 
its necessity must be given to the child, either 
by the referring physician, the parents or the 
surgeon. Under no circumstances should an 
older child be brought to a strange hospital by 
bribery or be “dumped” at the admitting 
office without some mental preparation. Fear 
of the unknown is a natural phenomenon and 
children are not excepted from it. A calm ex- 
planation of the necessity for hospitalization 
and what it entails will benefit the child more 
than cajolery or dissemblance. 

Several aids are available to assist in making 
hospitalization as smooth as possible. Most 
children’s hospitals have booklets available for 
distribution to parents which outline the rou- 
tine of admission, visiting hours and care of 
personal belongings and do help to dispel some 
of the uncertainties in the minds of the parents. 
Comic books or coloring books that are suitable 
for the particular hospital may be distributed 
but care should be taken that they outline 
procedures of the hospital involved and are 
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applicable. Many children’s hospitals have a 
Saturday morning film showing and a tour for 
those patients who are scheduled for an elective 
operation the following week. A brief tour of the 
admitting office, ward, playrooms, waiting 
rooms and cafeteria is made. Coffee and 
ice cream are served and any questions are 
answered by the nurse in charge of the tour. 


SEMI-URGENT REFERRAL 


A seventy-seventy automobile ride (seventy 
miles distance at seventy miles per hour) can 
be lethal to an ill child regardless of age. The 
child with peritonitis or the child with 40 per 
cent burns inadequately prepared, hastily re- 
moved from the scene and sent hurtling across 
the countryside with sirens screaming and 
police escort makes good newspaper copy or 
television script but often fails in its primary 
aim—the survival of the child. 

Such a patient should be as carefully pre- 
pared for transportation as for operation. The 
resuscitation of the gravely ill child should be 
started immediately in the hospital unit. The 
burned child should be sedated, his burns 
gently debrided and a pressure dressing applied. 
Where necessary, plaster slabs should be used 
for adequate immobilization to prevent move- 
ment of the affected areas. Extent of burns 
should be calculated and initial fluid therapy 
started before the transfer is begun. There is no 
general agreement on the most useful colloid 
for resuscitation; but it has been shown that 
for the immediate management of burn shock, 
almost any of the commercial colloid solutions 
are adequate for short term replacement if 
blood is not available. To insure that the child’s 
treatment will continue during the trip, a 
venous cut-down should be performed and 
adequately protected by plaster of paris or 
heavy bandaging and splinting. A nasogastric 
tube should be inserted and regular aspirations 
should be performed to prevent vomiting and 
inhalation of gastric contents. 

When the burned child is settled and the 
initial shock is under control, then, and only 
then, should the child be forwarded to a central 
unit for further care. Under these circum- 
stances when the situation is under control, 
any unforeseen delay in transportation will not 
seriously affect the outcome of the case. The 
driver should be instructed with regard to 
gentle speed and dissuaded from establishing an 
all time speed record to the city. 
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All too frequently, children are not seen by a 
doctor until generalized peritonitis has de- 
veloped following a perforated appendix. They 
arrive at the pediatric center after a long trip, 
highly toxic, with rapid pulse and lowered blood 
pressure, ashen in color in spite of their fever, 
dehydrated, with collapsed peripheral circula- 
tion and cool extremities—a classical picture 
of shock. This child has miraculously survived 
many movements and liftings in and out of 
automobiles in his own community, transporta- 
tion to a rural hospital and movement from 
stretcher to examining table and from there to 
hospital bed. The decision is then made for 
referral. The child is again moved from bed to 
ambulance stretcher, and suffers a twenty to 
one hundred mile journey to the receiving end, 
where the endless procession of movings from 
stretcher to examining table to stretcher to bed 
is repeated. Each movement contributes to the 
shock in an already perilously ill child. 

We are prone to forget the lessons learned 
the hard way during wartime. We learned then 
that it was best if casualties were first removed 
from danger, then immobilized in -a basket 
stretcher, rested and resuscitated in a primary 
treatment area, before removal to a spot where 
facilities were available for complete manage- 
ment. Somewhere in the chain of excitement, 
panic and movement, the child should have 
been permitted to rest and prepared for trans- 
portation. Gastric suction should have been 
instituted, intravenous fluids administered, 
sedation given, broad spectrum antibiotics ad- 
ministered and the general condition of the 
patient assessed and stabilized as carefully as 
one prepares a patient for operation. All this 
should be done prior to referral with all trans- 
fers and movements of the child kept to a mini- 
mum. We have been impressed by the improve- 
ment shown by these children after admission 
to the hospital after six to eight hours of mini- 
mum treatment, and a sleep undisturbed by 
frequent examinations, multiple needle prob- 
ings or trips to the x-ray department. 


SUMMARY 


Some of the factors to be considered when 
planning the referral of an infant or child to a 
pediatric surgical center have been discussed. 

‘These suggestions are offered to minimize the 
dangers inherent in moving a sick person and 
permit the early and satisfactory return of the 
child to his own family environment. 
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Details that Count in the Surgical Care 
of Children 


Hucu B. Lynn, m.p., Louisville, Kentucky* 


From the University of Louisville School of Medicine and 
the Children’s Hospital, Louisville, Kentucky. 
pee surgery as a specialty owes its 

existence to the dedicated service of an ever 
growing number of surgeons who realize that 
there are indeed many problems vastly different 
from or additional to those encountered in the 
adult. Sir Lancelot Barrington-Ward’s state- 
ment: “‘The adult may safely be treated as a 
child but the converse can lead to disaster [1] 
has become recognized as an axiom through 
the work of these men. 

Not only must the armamentarium and tech- 
nics be adapted to their patients’ size but, even 
more important, the attitude of the responsible 
surgeon must be attuned to the physical and 
psychologic peculiarities of the infant. The 
success of a few well trained surgeons, devoting 
a major portion of their time to this field over 
the past thirty years, has shown the validity of 
a new and different approach to these peculiar 
problems of childhood. Their successes have 
not been so much through superior technical 
skill or elaborate operating facilities as through 
attention paid to the minutiae of patient care. 

The improved care and safety of the patient 
must be the objective of all activity on a 
pediatric surgical service. Nowhere are the 
demands any greater or more taxing than in 
areas devoted to the care of children. These 
patients, by comparison with their adult 
counterparts, are surprisingly fragile creatures, 
remarkably labile in their responses to bene- 
ficial or deleterious influences, either physical 
or psychologic. 

The most ideal circumstances are provided 
on services devoted exclusively to children 
where the personnel and facilities are planned 
and operated with the particular needs of this 


age group in mind. However, good child care 
can be given in any hospital if those responsible 
will recognize that the child cannot be fitted 
into the same pattern of care applied to adults. 
A little additional thought and effort on the 
part of the team can make these small patients 
feel welcome and contented. 

Since pediatric surgery is “elective” in the 
great majority of cases, the admission of a child 
to the hospital entails the unwritten assurance 
of the child’s physician that the facilities availa- 
ble are adequate at this time! Emergency ad- 
missions must come in the face of blood bank 
shortages, ward infections, lack of operating 
room personnel, etc.; but the elective case, 
which could be done next month just as well 
as now, places an additional demand upon the 
physician and his hospital. 


THE CHILD AS AN INDIVIDUAL 


General Considerations. Starting with the 
child’s entrance through the front door, the 
hospital experience should be as pleasant as 
possible. Frankness and complete honesty with 
the child will do much to build confidence. It is 
amazing how often children arrive at a hospital 
under the impression that they are just going 
in to visit and receive a toy. This dishonesty 
on the part of the parents or even hospital per- 
sonnel might well be expected to start the child 
off ‘‘on the wrong foot.’’ Much can be done to 
prevent this if the physician takes ihe time to 
give a simple frank explanation tc the child 
in the presence of the parents. 

A colorful admitting area for children ap- 
propriately furnished and decorated gets the 
patient off to a good start. A cheerful, well 
groomed nurse or receptionist who is soon able 
to call a small child by his first name or, even 


* Present address: Section of Pediatric Surgery, Mayo Clinic, Rochester, Minnesota. 
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Fic. 1. Bed markers should give essential information. 
Signs must be clear and prominent. 


better, by his accustomed nickname makes a 
wonderful introduction. Employing an un- 
familiar nickname or term of endearment is 
usually no better than calling the patient by 
the wrong name. It is imperative that the name 
by which the youngster is called (no matter 
how silly) finds its place on the chart, the bed 
tag and the identification bracelet. (Figs. 1 and 
g.) Weighing, measuring, temperature taking 
and the application of the identification bracelet 
are all innocuous procedures which, if done by 
competent personnel, can disarm the wary child 
to a great degree. Any necessary preliminary 
physical examination may also be without hor- 
ror. The companionship of this same person 
from the admitting room to the surgical floor 
with friendly introductions will help greatly in 
making the transition. The intelligent parent, 
who stays in the background but is obviously 
present, reassures the child in his new and 
strange experience. This same parental tact 
can make even a thorough physical examina- 
tion relatively atraumatic. 

Contrary to the usual impression of parents, 
most children are happier in semiprivate or 
ward areas where they are in contact with other 
children. The patient who is incarcerated in a 
private room with no companionship except 
that of an apprehensive parent is naturally 
going to make a more gradual and prolonged 
adjustment to his hospitalization. Group care 
facilities definitely encourage children to meet 
the unknown and unexpected with less violent 
reactions. Much of this reaction may relate to 
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pride, shared enthusiasms and shared misery. 
Children find it consoling to see other young 
folk in similar garb undergoing similar treat- 
ments and examinations. 

Once the patient knows his bed, his bedside 
table and the way to the toilet, he experiences a 
sense of belonging. The card on the bed with 
name, birthdate, etc. is something of which he 
may be proud. A chair, table and television set 
are further evidence of his own domain even 
though shared with other patients. Certainly no 
child can be expected to eat as well in bed (fed 
by a nervous parent) as at a small table with a 
few little companions who share his likes and 
dislikes as well as his fears. 

It is always well to remember that little 
people consider whispering and_ low-voiced 
murmuring as indicative of impending danger. 
Discussions of a frank nature in the presence 
of the small patient involving the words ‘‘am- 
putation” or “colectomy” are met with far less 
anxiety and reaction than are inaudibly whis- 
pered conversations about a birthday cake 
The smile is disarming and the use of big words 
is fascinating. This is part of the general policy 
of “‘no secrets” from the patient. Once he has 
been told that “‘this won’t hurt” and then is 
stuck with a needle, his confidence is lost for 
the entire hospitalization. “Sure it will sting 
but only for a few seconds,” is a much safer 
approach which decreases fear of subsequent 
therapy. 

It is ridiculous to expect any child to like 
needles. However, the process of getting blood 
counts from several children at the same time 
in the ward is often without tears. A laboratory 
technician who is not too rushed and has the 
cooperation of the floor nurses can do the job 
of collecting blood more quickly, more effi- 
ciently and with less emotional trauma than 
the overworked technician who struggles alone. 
(Fig. 2.) 

In preparing youngsters for surgery, it is well 
to anticipate future needs. If an oxygen tent is 
likely to be used following surgery, it is only a 
matter of minutes to set up the tent sometime 
beforehand and allow the child while still well 
to play in it either alone or with a new found 
companion. In the same vein a patient with 
chest suction or nasogastric tube may be 
pointed out casually to the preoperative patient 
where indicated. Familiarity with such equip- 
ment preoperatively keeps it from becoming 
terrifying in the postoperative encounter. 


* FOR SURGERY. 

© SAVE URINE SPECIMEN 


Special Professional Considerations |3]. The 
demands of the infant or small child upon the 
time of the nursing service greatly exceed those 
of any adult. There are many services which a 
child is unable or unwilling to perform for 
himself. In actual hours per day the nursing 
time spent with an infant undergoing surgery 
must be at least twice that spent with an adult 
patient if an adequate job is to be done. 

The time for an adequate work-up prior to 
surgery should be kept to a minimum. Delays 
or cancellations should be the direct result only 
of changes in the patient’s condition, never for 
the convenience of either the surgeon or the 
hospital personnel. Once the operation is over, 
both the parents and patient may relax, for 
the child is then “on his own” to show the 
surgeon just how quickly he can shed his tubes 
and other apparatus, get up and about and 
head for the play area or home. 

Early morning surgery for the small infant 
who awakens and demands food is certainly 
more urgent, as a rule, than for the overweight 
adult who has to be awakened to be given his 
preoperative medication. Infants and small 
children fail to understand the restrictions on 
oral intake and respond rapidly to this frustra- 
tion by becoming irritable and thirsty, eventu- 
ally crying and running an elevated temperature 
from dehydration and preoperative medica- 
tion. It has become all too common for the 
“tail-end-of-the-schedule” pediatric case (a 
major case to the child and his relatives but a 
minor case to the surgeon and the operating 
room personnel) to be delayed or canceled 
because of more pressing problems. Many 
youngsters arrive at the operating room having 
already lost the value of their medications or 
having received repeat doses. The infant, who 
is delayed beyond the anticipated time, is 
rarely given the benefit of intravenous hydra- 
tion to combat the effects of dehydration. Fre- 
quently small infants are put on “nothing by 
mouth after midnight” orders (just as the 
adults are) merely out of thoughtlessness. The 
tiny infant, who is unaware of any impending 
crisis, will easily and safely assimilate a bottle 
feeding up to four hours prior to induction time. 

The use of a suitably decorated preinduction 
room with a quiet atmosphere is usually the 
most satisfactory way of separating a child 
from worried relatives so that the preoperative 
medication may have a fair chance to do its 
work, Transport of the patient in his own bed 
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Fic. 2. Laboratory technician is able to get cooperation 
from small fry, when not overworked. 


and with his favorite toys enables him to main- 
tain some sense of security in a strange area. 
Whether the anesthetist sees fit to use this as 
an induction room is of little importance, pro- 
vided it is close to the operating room and 
handy to the anesthesia office so that the oppor- 
tune time may be selected for the next phase. 
Little need be said about the temperature 
controlled operating room and its facilities. 
These should be standard for any pediatric 
procedure, and it is presupposed that both the 
anesthetist and surgeon know their jobs and 
have acquired the best possible equipment to 
aid them in their work. Proper small surgical 
instruments and fine suturing materials are 
now almost universally available. Child size 
blood pressure cuffs, endotracheal tubes, masks, 
etc. are standard. Telethermometers, variable 
temperature blankets and mattresses should 
be available as well as whatever monitoring 
equipment the team has found most suitable. 
The removal of the patient from the operat- 
ing room with its glare, noises, odors, etc. should 
be expedited, provided there is an air-condi- 
tioned recovery room or intensive care area 
under the direct supervision of the anesthetists 
in close proximity to the operating room suite. 
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Fic. 3. Two patients recovering from extensive surgery 
get their daily exercise. 


Here the patient should be protected with indi- 
vidual oxygen and suction and is entitled to 
constant attention until the surgical team in 
cooperation with the anesthetist believes the 
patient is out of danger. The critically ill infant 
is so labile in his physiologic processes that he 
can slip from an acute but satisfactory condi- 
tion to a terminal state in a matter of minutes 
with very little warning. Losses of blood, fluids 
and electrolytes, which may appear minimal 
at the moment, can by their cumulative loss 
suddenly change the clinical course. These fac- 
tors necessitate a close watch at all times on the 
infant who has undergone surgery. 

During the period of convalescence on the 
surgical floor, small children respond more satis- 
factorily if there are distractions (toys, picture 
books, television programs, etc.) and com- 
panionship. The challenge of a ride in the 
gocart or a trip to the playroom speeds the 
physical activity and improves the general 
muscle tone. 

It is well to reserve rocking chairs for special 
cases because of the boisterous behavior of the 
“‘well patient.” Seriously ill patients do very 
well, however, if removed from cribs and beds 
twice daily and placed with proper restraints 
in rocking chairs. It is amazing and gratifying 
to see a critically ill child swaying back and 
forth in his rocker under his own power. 
(Fig. 3.) 

The prolonged hospitalization of the school 
child often means loss of a year in school and 
dropping back with smaller, younger children. 
This may be an advantage in that a handi- 
capped child may not feel the need to struggle 
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to keep up with his contemporaries. However, 
the possibility of special work in the hospital, 
return to school part time in a plaster cast, 
special teacher aid, etc. may avoid this decision 
or put it on a more acceptable basis. 


ARMAMENTARIUM 


Hospital pajamas of suitable pattern have 
largely replaced the backless hospital coats. It 
is no less difficult for a child than for an adult 
in strange surroundings to maintain his dignity 
when his buttocks are exposed to public view 
every time he moves. Youngsters love bright 
colors and designs with animals, boats, flowers, 
etc. While it is occasionally considered wise to 
permit the patient to wear his own familiar 
pajamas, the problems created in the laundry 
and business office when these are lost are 
unbelievable. 

The isolette is the most valuable piece of 
equipment a pediatric surgeon could acquire. 
(Fig. 4.) A nursery with a series of well kept 
isolettes is the best protection sick infants can 
have. The controlled atmosphere, so far as heat, 
moisture and oxygen are concerned, is ideal. 
The ability to filter nursery air or bring in out- 
side air and circulate it is unique. The isolette 
enables hospital personnel to observe and treat 
the infant more easily at all times through the 
plexiglass top; and due to the absence of cloth- 
ing, the patient’s respiration, elimination, peri- 
staltic waves, vomiting, etc. are always obvious. 
It is well to have an oxygen analyzer for fre- 
quent checks of oxygen supply in order to avoid 
too high doses in the premature infant as 
well as too low doses in the patient in respira- 
tory distress. The recent innovation known 
as the “‘servocontroller” permits remarkably 
exact body temperature control by electronic 
monitoring. 

For nasogastric suctioning the Gomco type 
of intermittent suction pump has many ad- 
vantages over the constant type. The inter- 
mittent suction permits the succulent gastric 
mucosa to fall away from the holes in the tube 
and thus promotes more adequate return when 
the suction restarts. In this way the number of 
times that a nurse must instill saline or flush 
the tube with an air bulb can be reduced to a 
practical level. (Fig. 5.) 

Simple and less expensive equipment can be 
no less valuable to the surgical floor. A small 
chair with padded sides and a restraining belt 
may be invaluable in treating the feeding prob- 
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Fic. 4. The isolette. Note the plastic pedatrol transfusion flask (each section holds 10 cc.) and the small bottle for 


chest suction. 


Fic. 5. Critically ill child on nasogastric suction with intermittent type pump, urine bottle rack and restraints. 


lem, the so-called chalasia case, and the patient 
recovering from extensive intestinal surgery. 
(Fig. 6.) 

When the urinary output is of vital concern, 
a rack can be constructed to hold a series of 
urine bottles. Thus the floor personnel can 
shift the catheter drainage tube each hour and 
thereby enable the physicians to tell at a glance 
just how the hourly urine compares with pre- 
vious hours as to amount, color, sediment, etc. 
(Fig. 5 ) 

The standard use of plastic (translucent) 
adapters for connectors of all tubing is a safety 
precaution due every nurse and house officer. 
Anyone who has had a fragment of glass in his 
hand as a result of crushing a glass adapter 
during the assembling of a chest suction set can 
certainly vouch for the value of this measure. 

Suction bottles of dark glass have become 
popular throughout the country because they 


are less offensive to relatives and visitors since 
they obscure blood, gastric juices, etc. This 
is to be condemned. The clear bottle enables 
the surgeon to see at a glance the type, con- 
sistency and amount of drainage. In drainage 
setups intended particularly to recover blood, 
it is wise to use relatively small bottles clearly 
marked to indicate levels of drainage with time 
and date in order to keep a more accurate 
check of such loss. (Fig. 4.) 

Adjustable beds of the improved types to- 
gether with various sized “shock blocks” and 
footboards for preventing foot drop and keep- 
ing bedclothing off tired, injured or paralyzed 
extremities are valuable aids. The use of a short 
mattress on top of the standard mattress for 
the prone patient is valuable when a Stryker 
frame is not available or desirable. The 
Stryker frame and Bradford frame each has its 
important use for changing position, prevention 
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Fic. 6. The Chalasia chair. A simple method of main- 
taining a patient in the upright position after feedings. 


of pressure areas and minimizing soiling from 
urine and feces. 

The benefits of the Barron pump [2] for the 
forced feeding of the acutely ill youngster with 
severe burns, etc. are every bit as dramatic as 
in the acutely ill adult. There is also the ad- 
vantage of overcoming the objections of the 
uncooperative child. The use of a regular bal- 
anced diet put through a blender, preliminary 
to being pumped into the patient, has been 
widely accepted. (Fig. 7.) 

Any well equipped surgical floor should, of 


necessity, carry as standard equipment: (1) 
cut-down tray, (2) suturing set, (3) emergency 
tray or cart with everything from laryngoscope, 
oxygen, endotracheal tubes and pharyngeal air- 
ways to the various respiratory and cardiac 
stimulants, (4) a tracheostomy bundle and (5) 
an open thoracotomy kit for treatment of 
cardiac arrest. 

Each year the drug companies and hospital 
supply houses produce novel and helpful im- 
provements on previous equipment. Examples 
of these are the Sterilon urine collector (Fig. 8), 
the Abbott hemosets and Baxter pedatrols 
(Fig. 4). We have found these improvements 
and modifications have made the care of the 
patient safer and the life of the hospital worker 
more pleasant. 


PROCEDURES OR COMMON PRACTICES 


1. The addition of vegetable coloring to the 
pHisoHex® used the night before surgery to 
prepare the skin enables the ward helper to see 
what areas have actually been covered and 
enables the surgeon to see that the preparation 
has been carried out. 

2. The standard use of a vitamin compound 
(B complex with C, 1 cc. per 200 cc. of solution) 
with all intravenous glucose water infusions 
produces a yellow solution and enables the 
physician to tell at a glance whenever a more 
hazardous saline solution is being infused. 
While often of no importance, it may prevent 
mistakes and slip-ups in doctors’ orders, and 
the benefits of B complex and C in the wound- 
healing process are well known. All intravenous 


Fic. 7. Barron pump. It is important that the feeding be kept in ice. 
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Details in Surgical Care of Children 


Fic. 8. Sterilon urine collector fits either sex. 


fluid orders should be written for eight hours 
only and in cubic centimeters per hour to avoid 
overloading or other errors and insure frequent 
re-evaluation. 

3. Thesmall child (particularly if desperately 
ill) will feed better if picked up, held in a com- 
fortable position and placed so that his sur- 
roundings become more interesting. Every 
effort should be made to achieve this change of 
position and physical activity. 

4. For nasopharyngeal and endotracheal suc- 
tioning, the insertion of a Y adapter between 
catheter and suction hose enables the physician 
or nurse to eliminate suction pressure through 
the catheter during insertion and reinsertion 
without the necessity of turning the suction 
pump off and on. This permits more accurate 
placement of the catheter and cuts down on the 
trauma caused by frequent suctioning. 

5. For patients with chest suction, suitable 
instruments for clamping the chest tubes are 
valuable in case of emergency or the necessity 
of transporting the patient to the x-ray room, 
operating room, etc. These can easily be taped 
to the bed when the patient leaves the operating 
table. 

6. The “‘cut-down” or intravenous cannula 
is the patient’s life line during surgery. The 
use of scalp veins, while of great value in the 
day to day care of the infant, has no place in 
the operating room. After the cannula is in- 
serted, a sponge rubber pad against the bony 
prominence is desirable before attaching the 
leg or arm board. This may be removed imme- 
diately following surgery and the extremity 


snugly wrapped with an ace bandage. This 
enables the infant to move freely and even 
stand up without the hazard of dislodging the 
cut-down cannula. The use of any device to 
secure the ace bandage other than small pieces 
of adhesive tape should be avoided. Metal 
clips and pins are sharp, may scratch the cornea 
and skin and when dislodged may somehow 
find their way into the stomach, esophagus or 
even trachea. 

7. Proper identification of the site of pro- 
posed surgery may be achieved by the applica- 
tion of colored nail polish to the thumb or 
great toenail of the corresponding side. Thus 
it is possible to mark a right or left side hernia 
under the direction of the parents and have an 
accurate check at the operating table. 

8. In order to avoid the possibility of damage 
to the sciatic nerve and abscess formation due 
to subcutaneous injection of irritating sub- 
stances, the use of the anterior thigh for intra- 
muscular injections is advisable. For all infants 
under one year and all unusually fat babies this 
is strongly recommended. (Fig. 9.) 

9. The routine application of acceptable re- 
straints to patients undergoing plastic surgery 
and all patients with nasogastric suction tubes, 
etc. will avoid many heart-breaking catastro- 
phies. It is much simpler to write for their 
removal than to write for their application. 
(Fig. 10.) 

Micromethods for obtaining laboratory data 
will eventually become standard for adults as 
well as infants. Doctors would make better use 
of these studies if they were readily available. 
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Fic. 9. Intramuscular injection into anterior thigh is safer in small infant. 


Fic. 10. Arm restraints may be temporarily frustrating but are permanently 


rewarding. 


In many hospitals a small infant with a crit- 
ical surgical problem may need an extra 
transfusion just to replace the blood taken for 
typing, cross matching and essential blood 
chemistry studies. Certainly the studies availa- 
ble from a finger prick are used more frequently 
and at more regular intervals than those requir- 
ing relatively large amounts of blood obtainable 
only through venipuncture. 


SUMMARY 


Recognition of the differences of the back- 
ground and the needs of the infant and the 
development of attitudes to cope with these 
differences can make a competent pediatric 
surgeon of any good general surgeon when the 
occasion requires. Unless he is prepared to 
recognize these variations and differences, how- 
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Details in Surgical Care of Children 


ever, he cannot rise above the level of a good 
surgical technician treating children. 

In the case of a desperately ill child the hand 
that tips the balance of the scale in the infant’s 
favor is Just as often that of an anesthetist, a 
nurse, a nurse’s aid, an untiring house officer or 
technician in the laboratory or x-ray depart- 
ment as it is the surgeon’s. Nevertheless, it is 
the alertness of the surgeon to details and his 
ability to impart enthusiasm to his team that 
leads to the successful care of the infant or 
child who needs surgical care. 


Acknowledgment. Illustrations were fur- 
nished by the Department of Visual Education, 
University of Louisville School of Medicine, 
Louisville, Kentucky. 
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as well as physiologically, 
pediatric surgery lends itself better, perhaps, 
than any of the other surgical specialties to 
early ambulation and oral alimentation. In- 
fants and children, in the absence of fear and 
with kind treatment to themselves and their 
tissues, make ideal patients. Psychologic and 
physiologic approaches are inseparable, and 
violation of either leaves deep scars, both 
mental and physical, which are slow to heal. 

Ambulatory pediatric surgery is better 
adapted to the private practice of medicine in 
which doctor-patient-parent rapport is better. 
Climatic conditions such as absence of storms 
and snow, adequate private transportation and 
telephonic communication, and cooperative 
intelligent parents are all important factors. It 
is applicable to both elective as well as to 
urgent surgery of all age groups including the 
newborn, in whom some modification of stand- 
ard surgical technics may be necessary to make 
them more adaptable to the demands of the 
specific embry ologic defect. Ten years of 
experience in private practice with ambulatory 
pediatric surgery has brought no regrets, no 
fatalities and no complications. Indeed, with 
intelligent mothers who can check vital signs, 
every patient has the good fortune of having a 
“special nurse.” 


ELECTIVE SURGERY IN THE OLDER CHILD 


A psychologically well adjusted child about 
to undergo major surgery is a much better 
physiologic risk for anesthesia and surgery than 
a disturbed child. Preparation for this event 
begins before he ever enters the office. A phone 
call or personal interview with surgeon, parent 
and pediatrician should precede the initial 
visit. The exact nature of his illness and his 
reaction to it are determined. Knowledge of his 
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first name or nickname often inspires con- 
fidence in a child when first meeting a stranger. 
Some knowledge of his achievements in base- 
ball, hobbies, etc., often are helpful. 

Physiologic tragedies are often committed 
in the physician’s waiting room. New patients 
must be seen promptly. Making a patient wait 
may promote fear and also is bad manners, 
even with children. He must be seen at a differ- 
ent time of day from postoperative patients. 
Sight of a stained bandage or bulky dressing 
may wreck future preparation of a particular 
patient. Even the wails of a crying infant in an 
examining room or idle talk in the waiting 
room can disturb tender minds. Room decor 
and literature on a pediatric level are standard. 

Consultation rooms should be simply fur- 
nished for a face to face interview with the child 
without intervening furniture or parents. The 
entire interview should, as much as is possible, 
be conducted with the child, his parents being 
present in the background. This gives him a 
sense of rightful importance and the surgeon a 
firsthand history. Informal dress, and often 
sportswear, should be worn instead of the tradi- 
tional white coat or even colored coat so impor- 
tant in adult practice. It is confidence and not 
respect that the physician is seeking to gain 
at this time. 

The actual discussion of the child’s illness 
and the proposed treatment must be handled 
on an individual basis and kept in simple 
terms. Too much or too little information may 
lead to unneeded worry and fretting as the day 
of surgery approaches. The many supple- 
mentary booklets on preparing children for 
hospitalization are on the whole good and useful 
and are available at small cost at most book- 
stores. In any discussion of anesthesia emphasis 
should be placed on “waking up” since many 
children associate being “‘put to sleep” with 
the veterinarian’s use of the term. Although a 
presurgery visit to the hospital would be ideal 
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it is impractical. In lieu of this a twenty minute 
colored sound film depicting a visit to the hos- 
pital is available and shown to selected patients. 

Hospital admittance the night before surgery 
for the usual cleansing enema, preparation, 
anesthesiologist’s discussion of the type of 
anesthetic available and the usual drugged 
hypoxic “night of rest” are undesirable and 
harmful. A child sleeps best in his own bed. 

The safest way to be assured of an empty 
stomach before surgery is to depend on the 
mother, once she is made aware of the danger 
involved. There have been no violations of this 
responsibility. Admittance to the hospital is 
approximately 8 a.m. and after routine labora- 
tory tests, surgery is carried out two hours 
later. Children with similar complaints are put 
in the same ward. Adequate doses of hypnotics 
are given to allay fear. Few children actually 
remember the trip to the operating room. Inas- 
much as possible the same pediatric anes- 
thesiologist and surgeon work together as a 
team. After an hour or so in the recovery room 
the child is returned to the same bed with 
parents present. Postoperative analgesics are 
rarely necessary except in preteenagers. “‘Surgi- 
cal fluids” are avoided and regular diet is 
offered. Persistent nausea is rarely a problem 
and usually by 5 p.m. the patient is discharged 
and sent home with the reward of being allowed 
to stay up as late as he desires that evening. 
Being home again reassures him and gives the 
parents a better opportunity to check vital 
signs. The following day, if he so desires, he 
returns to school on limited physical activity. 
Vital signs are followed carefully by phone and 
the usual twenty-four to forty-eight hour 
wound checks are made at the doctor’s office. 
If the patient comes from a great distance, 
these checks may be made by phone or the 
local pediatrician. 

An extreme example of elective ambulatory 
surgery in an older child is that of N. R., a five 
year old girl with an inguinal hernia, who was 
flown in the night before from Reno, Nevada, 
approximately 500 miles distant. Confirmation 
of diagnosis was made at 9 a.m. in the office, 
surgery took place at 11 A.M. and discharge 
from the hospital followed at 3 p.m. Mother 
and child attended a movie later that afternoon 
and spent the following day walking about in a 
large nearby amusement center. The wound 
check was carried out at 5 P.M. and at 7 P.M. 
both mother and child flew back to Reno where 
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the healing of the wound was checked periodi- 
cally by her pediatrician in Nevada. 


URGENT SURGERY IN THE OLDER INFANT 
AND YOUNGER CHILD 


With the rapid increase in the numbers of 
well trained pediatricians it is becoming unusual 
in private practice to see neglected urgent 
surgical diseases such as appendicitis, intus- 
susception, incarcerated hernia, etc. Ten years 
ago the incidence of perforated appendicitis in 
private practice was almost 50 per cent; today 
it is less than 15 per cent. Postoperative man- 
agement of these uncomplicated diseases differs 
only in that discharge from the hospital is 
delayed until the following morning. Postopera- 
tive parenteral fluids are rarely required and 
regular feedings are offered promptly on full 
recovery from anesthesia. Glycerine supposi- 
tories are helpful in initiating colon peristalsis. 
The child is kept out of bed and allowed to 
return to school with limited activity usually 
by the second postoperative day. In the case 
of perforated appendicitis peritoneal drainage is 
carried out as well as exaggerated Fowler’s 
position and by insistence on immediate wheel 
chair ambulation the following morning to be 
followed rapidly by full ambulation. Gastric 
suction is maintained only until full recovery 
from anesthesia or until the following morning 
if surgery is performed late in the day. Only on 
one occasion has gastric suction been necessary 
for longer than twenty-four hours. ‘Surgical 
liquids” are avoided and a regular diet is 
offered, usually of the child’s own choosing. 
Emphasis should be placed on presence or ab- 
sence of hunger. Even in the absence of intes- 
tinal sounds a hungry child will almost always 
retain food and peristalsis will rapidly follow. 
Parenteral fluids for longer than twelve to 
twenty-four hours are usually not required. 
Depressant drugs are not used; aspirin usually 
suffices for pain. Appropriate antibiotic therapy 
is given. When nausea ceases and defecation 
begins, the child is sent home and seen daily in 
the office where the peritoneal drain is gradu- 
ally shortened and usually removed by the end 
of the sixth or seventh day. There have been 
no deaths and only two readmissions were 
necessary, one on the tenth postoperative day 
for a three hour hospitalization with drainage 
of wound abscess, and one on the eighteenth 
postoperative day for an eight hour hospitaliza- 
tion with cul-de-sac drainage of a pelvic ab- 
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scess. Forced ambulation, abstention from 
constant gastric suction and depressant drugs 
and feeding if hungry, even in the absence of 
bowel sounds, are all much more readily ac- 
cepted by patients than by physicians, yet 
there is a firm conviction that they shorten the 
hospital stay and reduce morbidity and 
mortality. 

In the treatment of pyloric stenosis a gradu- 
ated feeding “‘pyloric regimen” is rarely used 
and is reserved for the increasingly infrequent 
“‘neglected” pyloric stenosis. Gastric suction 
is maintained for an hour before surgery and 
terminated at the end of surgery. Complete 
division of the pyloric tumor is insisted upon 
with digital palpation of the pyloroduodenal 
junction being made at all times to assure that 
division is accomplished. The first one or two 
feedings consist of glucose water in full amounts 
with abrupt switch to standard house formula 
in full amounts thereafter. If the patient is 
breast fed, the glucose feedings are omitted. 
Parents are allowed to hold and feed the infant, 
unburdened by intravenous feedings. Vomiting 
rarely occurs and discharge from the hospital 
almost always is permitted the following morn- 
ing. On only three occasions have parenteral 
fluids been used during the postoperative period 
of a “healthy pyloric” and then no longer than 
twenty-four hours for two and thirty-six hours 
for the third. The longest time a patient has 
spent in the hospital after surgery 1s four days 
and the shortest, three hours, with the average 
being one day. No patient has been readmitted 
after being discharged. Sick patients or those 
with neglected pyloric stenosis are not treated 
in this manner. Longer time is spent on preop- 
erative correction and postoperative feedings. 


AMBULATORY SURGERY IN THE NEWBORN 
INFANT 

The response of the newborn to early ambu- 
lation and oral alimentation is even more 
gratifying than that of the older infant or child. 
Postoperative “ileus” in the newborn is more 
often related to the type of surgery employed 
than to the offending disease. Surgical technics 
applicable to obstructive lesions in adults are 
not suitable for newborn infants with atresia, 
stenosis or meconium ileus. The Mikulicz proce- 
dure has not been employed during this ten 
year period and there are serious doubts that 
it is ever indicated in surgery in the newborn 
except on the rarest of occasions. In its place 


adequate resection of both the anatomic as well 
as the physiologic obstructing areas and direct 
end to end anastomosis with one layer of inter- 
rupted sutures of silk or catgut has been used. 
Resection of the proximal physiologic obstruct- 
ing segment should be carried back to a level 
where bowel with active peristalsis can be 
anastomosed to distal bowel capable of peristal- 
sis. To overcome the disparity in bowel size, 
the distal segment is incised on the anti- 
mesenteric border. 

In only two places in the alimentary tract is 
this method of surgery for atresia impossible. 
These are the esophagus and the duodenum. 
Any other obstructing lesion from jejunum to 
anus can be so managed. Liberal resection in 
which an infant loses from 10 to 20 per cent 
of his preoperative weight may cause some 
concern to the nursing staff. At first this loss 
may appear frightening, but in reality this is 
“dead weight” consisting of obstructive fluid, 
meconium and an enormously dilated atonic 
bowel which would require weeks to compen- 
sate. During this time “ileus” develops. When 
intestine with active peristalsis is anastomosed 
to intestine capable of peristalsis, flatus is 
passed within a few hours, and immediate oral 
alimentation can begin with no unnecessary 
equipment present to hamper normal handling 
of the infant. There has been only one reex- 
ploration because of “ileus” due to inadequate 
resection of the proximal physiologic obstruc- 
tion. One leak at the anastomotic line occurred 
on the second postoperative day and was easily 
repaired under local anesthesia without “‘look- 
ing around” as the anastomosis had been care- 
fully left beneath the line of the abdominal 
closure. 

Constant gastric suction has been replaced 
with intermittent aspiration of stomach just 
before feeding with the tube being removed 
between feedings. When aspiration shows de- 
creasing bilious return, house formula in full 
amounts is offered and intravenous feedings are 
discontinued. It is not unusual for the patient 
to be ready for discharge on the third or fourth 
postoperative day. 

The following examples will suffice: 


Case 1. R. M., twenty-four hours of age, with 
esophageal atresia and tracheoesophageal fistula 
of the usual variety was explored transthoracically 
and an end to end anastomosis of the proximal and 
the distal segment carried out with interrupted 
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No. 4-0 silk sutures. The distal segment was incised 
on one side to overcome the disparity of size. In 
the absence of abdominal distention prior to sur- 
gery gastrostomy was not done preoperatively nor 
indicated postoperatively. A “dry mouth” was 
evident within six hours and oral feeding of glucose 
water begun the next morning with standard house 
formula in full amounts offered that evening. 
Parenteral fluids were unnecessary and discon- 
tinued the same evening. The chest drainage tube 
was removed on the sixth day and the patient dis- 
charged on the seventh. She was readmitted for 
twenty-four hours at eighteen days of age for a 
pyloromyotomy because of pyloric stenosis. The 
presence of copious preoperative projectile vomiting 
was quite gratifying. 


Case 1. C. L., two days of age, with atresia of 
the lower ileum was explored with an anatomic and 
physiologic resection being done and an end to end 
anastomosis performed. Full feedings were re- 
sumed twenty-four hours postoperatively and he 
was discharged on the fourth postoperative day. 
There was no postoperative vomiting. 


Case 1m. D. W., one day of age, with meconium 
ileus was explored with resection of the cecum and 
last two feet of terminal ileum and an end to end 
anastomosis with one layer of continuous sutures 
made with No. 4-0 chromic catgut. Bilious suction 
from the stomach continued for thirty-six hours at 
which time full feedings were begun. She was ready 
tor discharge the fifth postoperative day. Pre- 
operative weight was six pounds one ounce; immedi- 
ate postoperative weight was five pounds six 
ounces, 


Case Iv. C. J., three days of age, with atresia of 
hepatic flexure was explored with resection of right 
colon and two and one-half feet of terminal ileum. 
A one layer anastomosis was performed using 
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interrupted sutures of No. 5-0 silk. Aspiration of 
stomach postoperatively showed no bile, and full 
feedings were begun within twenty-four hours with 
no parenteral supplement. This patient was dis- 
charged on the third postoperative day. 


There is little question that definitive surgery 
in the newborn must be radical and directed at 
correction of the obstructing lesion in one 
operation in order that oral alimentation can 
begin as soon as possible. Newborns lack the 
tissue reserves of the older infant and seldom 
survive “‘second looks.’’ Once feedings are be- 
gun there is no one more qualified for this than 
an intelligent mother. Wound healing and 
suture removal can be done on an ambulatory 
basis. 


SUMMARY 


It is not meant to infer that there is no place 
for hospital care in pediatric surgery. Full use of 
the hospital’s well equipped surgery, recovery 
and pediatric wards are mandatory; but once 
the goal of oral alimentation is accomplished 
and remains the only consideration for con- 
tinuation of hospital care, this can be carried 
out far better at home under the guidance of 
carefully selected intelligent parents. 

Physiologically, time heals all wounds; how- 
ever, when seasoned with the catalyst of in- 
telligent “neglect” the child will certainly say, 
“You will be surprised at the speed of my 
recovery, and | shall always be grateful to 
you” 

“So little effort; so great the reward”’ [7]. 
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HEN malignant abdominal tumors in in- 

fants and children are considered in the 
differential diagnosis of abdominal masses, two 
possibilities come to mind immediately: the 
nephroblastoma, or Wilms’ tumor, and the 
neuroblastoma. In most series of pediatric ma- 
lignant tumors (including the lymphomas and 
leukemias) these two comprise about 20 per 
cent of the total. With cancer still rated as the 
number two killer of children, second only to 
accidents, the importance of these retroperi- 
toneal sarcomas becomes evident and a system 
for their management becomes mandatory for 
those who care for children. 

The diagnosis of abdominal tumors would 
probably be made earlier if they were sympto- 
matic; or if symptomatic, specifically so. They 
may well be silent until picked up by a routine 
physical examination or an astute relative. Or 
they may turn up during the course of study 
for apparently unrelated symptoms such as 
diarrhea, fever of unknown origin or pain over 
a specific peripheral nerve distribution. In the 
usual course of events, the diagnosis is made 
only when the tumors have become huge and 
have been present for a long period of time. The 
differential diagnostic possibilities are almost 
endless and are beyond the scope of this re- 
port [7]. 

In an effort to reduce the high mortality re- 
sulting from these two tumors, we have adopted 
a specific plan of preoperative, operative and 
postoperative management. Preoperative stud- 
ies and preparation are the same for both 
tumors. 
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PREOPERATIVE MANAGEMENT 


It is our firm belief that abdominal tumors 
present an urgency in hospital management. 
This concept has been criticized as a needless 
one leading to inaccurate diagnoses and un- 
necessary nephrectomies. No reasonable sur- 
geon or urologist could misinterpret our point 
of view, which we emphasize for its teaching 
value. Our explanation, naive though it may 
be, is that there is a day in every tumor such 
as an embryoma of the kidney when metastasis 
takes place. Before this day, extirpation of the 
primary tumor should result in a complete cure. 
After this day of metastasis, extirpation of the 
tumor has no effect on mortality and in all 
likelihood even the addition of x-ray therapy 
and chemotherapy to the surgeon’s arma- 
mentarium probably alters the prognosis but 
little. 

A second principle in the management of 
these retroperitoneal sarcomas lies in ordering 
minimal studies. Not only are more studies both 
time consuming and unnecessary but the time 
required for their performance goes against a 
third principle of management: minimal trauma 
by palpation. 

An abdominal tumor in a child is always a 
curiosity and leads to repeated examinations 
by various members of a hospital’s professional 
staff. Having had the unfortunate experience 
on several occasions of operating upon children 
shortly after “‘gentle” palpation by several 
examiners, we are convinced that no palpation 
is gentle enough for some of the tightly en- 
capsulated Wilms’ tumors or the unencapsu- 
lated neuroblastomas. 

Even though the tumor in question must be 
extirpated, a differential diagnosis is important 
because of differences in the life history of these 
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Fic. 1. Exposure of large nephroblastoma through a thoracoabdominal in- 
cision. The right colon is reflected medially. 


two major malignant lesions of childhood. Op- 
erative management is dictated by some of 
these differences. In the case of Wilms’ tumor, 
rupture of the capsule spontaneously or during 
the operative procedure alters the prognosis in 
the direction of death but the contamination 
of the abdomen by neuroblastoma is not fol- 
lowed by such dire results. 

The pattern of metastases in the nephro- 
blastoma is to the lung fields and occasionally 
to the regional nodes. The mortality is high, the 
best statistically provable results being ob- 
tained where extirpation is followed by x-ray 
therapy. 

The neuroblastoma on the other hand is fre- 
quently a nonencapsulated tumor and its 
metastatic pattern is to the bones of the ex- 
tremities, the skull and retro-orbital areas. 
Growth by direct extension into adjacent 
organs is common. 

The intravenous pyelogram is the diagnostic 
study which is the key to future management. 
Not only does it differentiate the embryoma 
from the neuroblastoma but it also indicates 
the size and position of the tumor and assesses 
the presence and function of the contralateral 
kidney. We have found Hypaque® to be the 
most satisfactory intravenous dye and do not 
hesitate to give a second dose at the end of 
thirty minutes after the first injection if there 
is no visualization of the affected kidney. The 
contrast of the dye-filled kidney pelvis and 
calices may be considerably enhanced by giving 
the child a carbonated beverage to drink im- 


mediately after injecting the dye intravenously. 
The gastric shadow then pushes the other ab- 
dominal viscera downward and provides a 
background for the radiopaque dye. 

It soon becomes apparent that the neuro- 
blastoma may be found any place where neural 
crest tissue existed in the embryo from neck to 
pelvis. Within the abdomen the tumor may 
displace the kidney medially, laterally, upward 
or downward. Distortion of the pelvocalyceal 
system may be seen in the lateral film only. 
The ureters, in similar fashion, may be dis- 
placed or unaltered in their course [1]. 

The embryoma may be visualized as a mass 
distorting only a portion of the pelvocalyceal 
system or its entirety, it may exist in the pa- 
tient’s only kidney, it may be found in a horse- 
shoe kidney or in rare instances may even be 
bilateral [1]. 


TREATMENT 


At the operating table wide transverse, trans- 
peritoneal incisions are used, with occasional 
extension into a thoracoabdominal incision in 
selected cases (Fig. 1) to avoid undue manipu- 
lation of a large tumor through a small incision. 
The blood supply to the tumor is tackled first, 
especially in the embryoma, taking care to 
traumatize the tumor itself to the least extent 
possible. 

Extirpation of the tumor is naturally the aim 
of the procedure and anything short of this with 
the embryoma is fruitless. Experience with the 
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neuroblastoma has lent some credence to the 
belief that subtotal resection is preferable to 
biopsy alone in the so-called inoperable lesion. 

From time to time five methods of therapy 
for Wilms’ tumor have been advocated: (1) 
nephrectomy alone [2-4]; (2) roentgen therapy 
alone; (3) preoperative roentgen therapy plus 
nephrectomy [5,6]; (4) nephrectomy plus post- 
operative roentgen therapy [7-9]; and (5) ne- 
phrectomy preceded and followed by roentgen 
therapy [6,170,717]. It is particularly difficult to 
evaluate these various methods because of lack 
of documentation, especially of the roentgen 
dose. The consensus of those with the widest 
experience would seem to indicate nephrectomy 
and postoperative radiation to be the superior 
method of management [12]. However, recent 
experience in a very small series with both 
pre- and postoperative radiation in connection 
with nephrectomy are encouraging [11]. 

We attempt to avoid a “routine” therapy 
program for Wilms’ tumor. In general the 
principles outlined previously for urgent ne- 
phrectomy are followed by postoperative radia- 
tion to the area of the renal fossa. In infants 
under one year of age and occasionally in an 
older patient atraumatic nephrectomy for a 
small tumor has not been followed by roentgen 
therapy. 

In spite of statistics, apparently indicating 
the superiority of the therapy we employ, one 
wonders at the modus operandi of the postop- 
erative x-ray therapy. If the kidney has been 
removed, the roentgen therapy is aimed at the 
possible stray malignant cells left in the area. 
Since metastasis takes place primarily by the 
blood stream and the lungs are the chief site of 
such metastases, it is logically proposed that 
some treatment be directed at the pulmo- 
nary aspect of the problem. Because of the 
danger of fibrosis of the lung resulting from 
radiation therapy, one turns to chemotherapy 
but as yet there is no evidence that the life 
expectancy is altered materially by this ap- 
proach alone. It is unfortunately common ex- 
perience after nephrectomy and postoperative 
radiation to find pulmonary metastases in a 
month or two. In our own series the great 
majority of these metastases appear in the 
right lung first. 

Deep roentgen therapy has been used in the 
postoperative period in varying doses. Our 
current technic is to use 2,500 r to the previous 
tumor bed but we have no evidence to prove 


that this is better than 3,000 or 1,200 r. One 
always must bear in mind the known complica- 
tion such as radiation nephritis, agranulocyto- 
sis, alteration of growing bone, sterilization, as 
well as the unknown carcinogenic factor of the 
therapy itself. 

Our own survival rate since 1950 for patients 
treated for Wilms’ tumor as suggested here has 
been 39 per cent. Certainly both tumors have 
a better prognosis if encountered originally in 
the first year of life. 

Our experience with the neuroblastoma has 
led us to believe that the embryoma and the 
neuroblastoma should not be treated identi- 
cally. A previous report in 1955 [13] indicated 
that twelve of forty-four patients with neuro- 
blastomas (all sites) treated by us with surgery 
alone and receiving no postoperative radiation 
therapy had a survival rate of 27.2 per cent. 
The subsequent and more accurate follow-up in 
1958 indicated that all those reported alive in 
1955 were still alive and one presumed dead 
was now found to be alive and well, thus raising 
the survival rate to almost 30 per cent. 

Between 1955 and 1958 there was a selected 
series of eight patients with no demonstrable 
metastases who were treated as though they 
had Wilms’ tumors rather than neuroblastomas, 
and received postoperative radiation. All of 
these patients died. Although this is not a large 
series, we have reverted to our policy of surgery 
based on the foregoing surgical principles but 
giving no postoperative radiation. Again we 
have several patients who seem to be on their 
way to the closest thing to a cure that one can 
speak of in the treatment of malignant disease 
in children. 

Prognosis. Pediatric tumors behave quite 
differently from their counterparts in adults. 
One outstanding difference is the rapidity with 
which pediatric cancers grow and their short 
natural history. The advantage provided by 
this history in pediatric cancer is that one can 
speak of “‘cure” much earlier than he can in 
reference to cancer in adults. 

Our own experience with all cancer in chil- 
dren and particularly with the two malignant 
tumors under discussion leads us to believe 
that a survival of fourteen months after opera- 
tive diagnosis is equal at least to the five year 
cure of an adult who received therapy for 
cancer. In many hundreds of cases of cancer, 
rarely has a malignant tumor caused the death 
of a patient who was still alive, well and with- 
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Fic. 2. A, metastasis to the lungs from nephroblastoma three months after 
operation. B, same chest eleven days later after 1,000 r. 


out demonstrable metastases fourteen months 
postoperatively. 

Collins [14] has suggested the time interval 
for “cure” of Wilms’ tumor as nine months 
(for gestation) plus age in months at time of 
diagnosis. Our cases all fit this criterion also. 

The postoperative condition of patients is 
checked at intervals of three months or less often 
if indicated. Roentgenograms of the chest are 
taken on each occasion for the first eighteen 
months in the patients who had nephroblastoma. 
In cases of neuroblastoma, roentgenograms of 
long bones or skull are taken only when there are 
indicative symptoms. Eye ground examination 
is part of the routine follow-up physical exami- 
nation in cases of neuroblastoma. 


METASTASES 


Management. Our experience with the “‘sec- 
ond look” in a selected few patients who have 
survived for several years after histologic diag- 
nosis of malignant neuroblastoma confirms the 
supposition that such tumors undergo “‘matura- 
tion.” No early or late secondary use of surgery 
has been made in any of these tumors. 

Richardson [15] has gleaned by survey in 
1959 some information on pulmonary resection 
for metastatic disease of the lung. Four of 
seventeen patients who underwent pulmonary 
resection for metastatic nephroblastoma sur- 
vived for over five years. Thirteen patients 
survived for more than two years. Our own 
experience is confined to a single case in which 
the patient has not lived long enough for it 
to be evaluated. 


Radiation Therapy. In dealing with bony 


metastases from neuroblastoma, radiation ther- 
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apy relieves pain and occasionally seems to be 
helpful in healing a bony defect. The swelling 
of soft tissue behind the eyes seen in some 
metastatic patterns is not reduced by radiation 
nor does the pain seem to be relieved. 

Pulmonary metastases from a nephroblas- 
toma respond rapidly and apparently com- 
pletely for a time to radiation in low dosages to 
the lung fields. This phenomenon is one that 
can be repeated but with each successive repeti- 
tion, the effect is less pronounced and of shorter 
duration. We do not treat metastases when they 
first become visible on x-ray film but wait until 
the child is either developing shortness of 
breath or sleeping only restlessly. It has been 
possible, for example, to keep a two and a half 
year old child, whose metastasis appeared 
three months postoperatively comfortable and 
alive for eleven months with six treatments. 
(Fig. 2.) The beneficial effects of such manage- 
ment on the parents will be discussed. 

A number of anticancer drugs acting in vari- 
ous ways has been suggested and tried in the 
management of the two types of tumor in ques- 
tion. We have for several years taken part in 
one of the study groups at the National Cancer 
Institute and have used several drugs in the 
management of both the neuroblastoma and 
the nephroblastoma when there was a sign or 
symptom that could be watched reliably for 
the effectiveness of the drug. None has been 
outstandingly helpful to our patients. Nitro- 
gen mustard as well as other related alkylat- 
ing agents, some of which are less toxic than 
HNg, has produced remission in some of our 
neuroblastomas. 

Actinomycin D has perhaps had the strongest 
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support in the cancer study groups in refer- 
ence to nephroblastoma. The combination 
of Actinomycin D plus radiation therapy to 
the lung fields has been associated with the 
longest remissions [16-18]. Dargeon [19] has a 
remarkable demonstration in a patient with 
neuroblastoma who received this drug. In 
assessing this result as cause and effect, how- 
ever, one must remember the unique life history 
of the neuroblastoma. 

Several years ago Bodian [20] proposed the 
use of B,. for the treatment of neuroblastoma. 
It is difficult to evaluate this therapy in view 
of Bodian’s statement [27], ‘‘No patient has 
been denied the possible benefits of surgery 
and/or radio therapy” and in view of the 
unique behavior of this tumor. It has not 
seemed to be of benefit to the few children to 
whom we have administered it. 


SUPPORT OF THE FAMILY OF THE CHILD 
WITH MALIGNANT TUMOR 


One of the most trying medical situations in 
pediatrics is the support of the family of the 
child with cancer. The diagnosis has a strong 
impact on the entire community, many mem- 
bers of which have suggestions for a change in 
therapy ranging all the way from engaging a 
new physician to practices that must be classed 
as charlatanism. 

The physician caring for the youngster with 
cancer must decide whether he and his medical 
community are able to do all that should be 
done for the child. If not, referral to a center 
that can provide more adequate care is his 
moral obligation. But if the facilities and skills 
at the physician’s command are adequate, as 
is more often the case, such rapport must be 
established with the family that will circum- 
vent a panic-stricken flight to quackery. 

In connection with the two types of tumors 
under discussion there may be a period of as 
long as a year or more during which the future 
is unsettled. Throughout this period physician 
and parents must be in close contact and a 
philosophy which views the situation day by 
day without long, imaginary excursions into 
the distant future has much to recommend it. 
If a metastatic pattern is established, the use 
of aforementioned ancillary therapy must be 
considered and maximum support given the 
family until it is no longer needed. 

It has been impressive to us to witness re- 
peatedly the beneficial effects of prolonging life 
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comfortably, even though it is beyond medical 
skill to save it. The extended period of life, 
even in a child whose parents know it is in- 
evitably soon to die, frequertly provides the 
necessary time of adjustment not possible with 
a rapid downhill course and early demise. 
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Hemangiomas in Infants and Children 
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Bip hemangioma is the most frequent tumor 
encountered in infants and children. It is 
probably not a true neoplasm but rather a 
remnant of fetal tissue, misplaced or disordered 
to a certain degree in development, and referred 
to by pathologists as a type of hamartoma or 
choristoma. Hemangiomas generally involve 
the skin and subcutaneous tissues although, 
occasionally, deeper structures such as bone, 
skeletal muscle, abdominal viscera and even 
the brain have been known to be involved. In 
such instances this histologically benign lesion 
may prove a threat to life simply because of its 
location, expansion in a close space, tendency 
to ulceration and hemorrhage or blockage of the 
lumen of organs. The most important single 
consideration in selecting the treatment for a 
particular hemangioma consists of an accurate 
prediction of the natural history of the indi- 
vidual lesion if left untreated. Many hemangio- 
mas will regress spontaneously leaving no visi- 
ble evidence of their previous existence [7]. 
Others will require immediate therapy to pre- 
vent serious disfiguration or even life-endanger- 
ing complications [2]. The choice of therapy 
varies and must be determined on an individual 
basis depending on type of hemangioma, size, 
location and stage of development. 


CLASSIFICATION AND PATHOLOGY 


Hemangiomas may be classified clinically 
into seven distinct catagories: (1) capillary 
hemangiomas (plexiform hemangioma, straw- 
berry mark or raspberry mark); (2) cavernous 
hemangiomas (existing alone or in conjunction 
with a capillary element of either the plexiform 


or port-wine variety); (3) stellate hemangiomas 
(telangiectases or spider hemangiomas); (4) 
salmon patch (erythema nuchae or neonatal 
staining); (5) imtracutaneous capillary he- 
mangiomas (port-wine stains); (6) heman- 
giomatous varicosities (localized hemangiomat- 
ous giantism or hemangioma with local organ 
overgrowth); (7) pyogenic granuloma (granu- 
loma pyogenicum). 

All hemangiomas with the exception of the 
stellate hemangiomas and the pyogenic granu- 
lomas are present at birth although frequently 
they are not visible or noticeable at that time. 
They probably represent some form of a de- 
velopmental abnormality of a disordered 
nature, frequently referred to as hamartoma 
or, more specifically, choristoma [3]. Their 
presence at birth may not be clinically evident 
until the tissue spaces within the disorganized 
developmental arrest become filled with blood 
and give them a reddish appearance. This 
process may require hours, days or weeks. 

Hemangiomas generally involve the skin 
and/or the subcutaneous tissue and may appear 
anywhere on the body. Those appearing on the 
face, especially on the lips, eyelids, nose and 
ears, are of more concern from a cosmetic 
standpoint and if left untreated may produce 
disfiguring results. Those appearing in the 
regions of the parotid, breast and genitalia lead 
to considerable parental concern because of the 
fear of possible malignancy. 

Malignant change of a hemangioma occurs 
with such rarity that this complication may 
for all practical purposes be disregarded. Oc- 
casionally a vascular cutaneous sarcoma may 
be confused with a hemangioma, therefore, for 
this reason careful initial examination and 
sometimes a biopsy is necessary in order to 
establish this differential. 

Several eponyms have crept into medical 
literature dealing with the various possible 


American Journal of Surgery, Volume 101, May 1961 


571 


Martin and MacCollum 


Fic. 1. A, a capillary hemangioma of the thumb in stage of active growth. B, 
five years after treatment with 300 r of x-ray. 


combinations of cutaneous hemangiomas and 
coexistant hemangiomas of distant organs [3]. 
Most of these are extremely rare: (1) Osler’s 
syndrome (hereditary multiple telangiectasis 
of the skin and mucous membranes); (2) Jaffe’s 
syndrome (coexisting angiomas of the skin and 
viscera); (3) Kast’s or Maffucci’s syndrome 


(coexisting angiomas of the skin and enchon- 
droma of bone); (4) Cushing’s, Cobb’s, Sturge’s 
or Sturge-Weber syndrome (coexisting angio- 
mas of the skin and the central nervous system 
or meninges); (5) Lindau’s or Von Hippel- 
Lindau syndrome (coexisting angiomas of 
retina, central nervous system and viscera). 
The clinical importance of these various syn- 
dromes is frequently overemphasized; never- 
theless, it is well to bear in mind that a child 
with a known hemangioma of one organ may 
have a similar lesion involving another distant 
organ since hemangiomas are occasionally 
multiple in their occurrence. Generally an 
extensive diagnostic investigation is not war- 
ranted unless the symptoms suggest such in- 
volvement of the distant organs (i.e., hemor- 
rhage, palpable or visible mass, evidence of 
increased intracranial pressure). For example, 
the presence of a port-wine stain of the skin 
plus evidence of increased intracranial pressure 
would lead one to suspect the existence of the 
Sturge-Weber syndrome; likewise, seizures in 
the presence of an angioma of the retina would 
lead one to suspect the possibility of a central 


nervous system extension of the hemangioma. 
CAPILLARY HEMANGIOMAS 


Capillary hemangiomas, or so-called “‘straw- 
berry marks” or “raspberry marks”’ or “plexi- 
form hemangiomas,” represent the most com- 
mon of all types. (Fig. 1.) The surface of these 
individual lesions is bright red or purplish in 
color, has well delineated margins and the 
over-all appearance of a cluster of tiny blood 
vessels bubbling through the overlying skin. 
Capillary hemangiomas may occur alone or in 
combination with a cavernous element which 
presents as a puffiness or fullness of the under- 
lying tissue. 

The Natural History of Capillary Hemangio- 
mas. The natural history of the “strawberry 
mark” is divided into three stages: (1) the 
stage of growth; (2) the stationary period; (3) 
the stage of regression. Most capillary he- 
Mmangiomas are present at birth or appear 
within the first three to four weeks of life as the 
precanalized cluster of endothelial elements 
gradually become engorged with blood and 
become visible. As may be observed, a tiny 
bright red lesion may grow gradually, enlarging 
in extent and size as the precanalized endo- 
thelial structures little by little become more 
distended. Some develop endothelial buds that 
extend from the original borders. This may be 
referred to as a period of growth of the he- 
mangioma. During this period the hemangioma 
itself appears quite tense and is bright red in 
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color. This period of growth may continue for a 
varying period of time, perhaps weeks or 
months, depending on the individual lesion, but 
eventually the process of spontaneous regres- 
sion will gradually supervene. Between the 
periods of growth and regression a stationary 
period can be detected. The lesion ceases to 
grow out of proportion to the patient’s growth. 
The color becomes darker. At first the bright, 
fiery red appearance fades into a deeper cherry 
red and then it takes on a purple hue. The 
overlying surface loses its tenseness and be- 
comes slightly wrinkled. Later a grayish film 
will be noted over its surface. At this point the 
third stage or the stage of regression has super- 
vened. This grayish film spreads gradually over 
the surface and, after it has reached the periph- 
ery of the entire lesion, no more growth will 
result. It is possible to have regression occurring 
in the central portion of the lesion and extension 
or growth occurring on the outer portion. As 
spontaneous regression proceeds, the grayish 
film over the surface becomes studded with 
tiny, whitish flecks which gradually expand in 
size over a period of several months and eventu- 
ally coalesce so completely that the entire 
redness has disappeared and only a small scar 
remains. A biopsy or excision at this stage will 
result in a histologic designation by the patholo- 
gist as a sclerosing hemangioma [4] (Fig. 2.) 
whereas excision or biopsy in the precanalized 
state, before engorgement of blood has resulted, 
may be referred to by the pathologist as a 
hemangioendothelioma [5,6]. If a biopsy is ob- 
tained during the stage of growth or the sta- 
tionary period the vascular engorgement makes 
the diagnosis of a vascular hemangioma quite 
evident histologically. All three of these 
diagnoses therefore represent the various stages 
of the same pathologic process. 

The spontaneous regression of the heman- 
gioma is probably produced by a thrombosis of 
some of the feeding arterioles supplying the 
hemangioma [7,8]. The thrombosis appears to 
result from the hemangioma actually “‘out- 
growing”’ its blood supply so that the endo- 
thelium of the tiny feeding vessels is either 
damaged, or in certain instances the blood flow 
is altered by endothelial budding, so that 
plugging and thrombosis occurs. Such throm- 
bosis results in scar formation and obliteration 
of the hemangioma supplied by that particular 
vessel. If one of the major feeding vessels to a 
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Fic. 2. Scarred nodule of scalp which is gradually de- 
creasing in size; an example of a “sclerosing heman- 


hemangioma is obliterated by such thrombotic 
process, necrosis of the area supplied may 
result and this may produce a superficial ulcer- 
ation. Ulceration of a hemangioma therefore 
does not mean that a serious complication has 
ensued. It means merely that the process of 
spontaneous regression is occurring at a rate 
more rapid than the natural healing processes. 
Unless the ulceration is extremely extensive, 
spontaneous healing will occur provided the 
area is kept clean and free of infection. Any 
specific treatment (other than excision and 
closure by means of suturing or skin grafting) 
simply results in more rapid regression of the 
hemangioma and more extensive ulceration. 
Occasionally, the ulceration may have a fiery 
red border of hemangioma around its periphery 
which is gradually and unrelentingly expanding. 
In a situation of this sort the central portion of 
the hemangioma may be left untreated and the 
periphery treated with some form of therapy to 
halt the peripheral growth. (Fig. 3.) 

Treatment of Capillary Hemangiomas. Treat- 
ment of capillary hemangiomas must there- 
fore be individualized, depending upon the 
stage of development, growth or regression 
which may be evident at the time, as well as 
the size and location. As a general rule if 
definite evidence of spontaneous regression of 
the entire lesion exists (or if it has reached the 
stationary period), no therapy is necessary or 
indicated. After complete regression of the 
lesion, occasionally revision or excision of the 
resulting scar may be indicated for cosmetic 
reasons; but in general this is not necessary for 
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Fic. 3. A, rapidly growing hemangioma of the nose with central ulceration at 


the tip. Treated with x-ray therapy (320 r) to the periphery. B, appearance 
twenty-six months later. 


Fic. 4. A, extensive mixed capillary and cavernous hemangioma treated with 
862 r of x-ray. B, appearance six years later. 


the purely capillary lesions. During active 
growth, the process may be halted and re- 
gression initiated by appropriate therapy. 
Most pure capillary hemangiomas involving the 
trunk are best left untreated unless they are 
quite extensive and growing rapidly. Those of 
the face are more of a cosmetic problem and 
might require some form of treatment, but 
most of these also will regress spontaneously if 
left alone. 

X-ray therapy: X-ray therapy in small 
doses of 200 to 300 r in experienced hands 


constitutes a satisfactory form of treatment 


for certain selected cases [1]. X-ray therapy 


produces swelling of the endothelium lining the 
vessels in a hemangioma and this results in 
thrombotic occlusion; thus the process of 
regression is initiated sooner than if left to 
occur spontaneously. Such x-ray doses are in- 
tended to penetrate only to the depths of the 
lesion. It is preferable to wait several weeks or 
months following treatment for signs of regres- 
sion before administering a second treatment. 
However, if the lesion continues to grow 
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rapidly, a second treatment may be given much 
earlier. Such x-ray therapy administered under 
the supervision of a competent and experienced 
radiologist, working together with the experi- 
enced clinician, will bring about a very satis- 
factory result with a minimum of complications. 
Fig. 4.) In recent years objections to the use of 
x-ray therapy for treatment of a benign lesion 
have been voiced because of the fear of a late 
‘arcinogenic effect. This fear is probably un- 
founded when dealing with doses as minute as 
those herein advocated, and which are ad- 
ministered by well trained, experienced radi- 
jlogists. An occasional hemangioma is en- 
countered which can be treated far better by 
x-ray than any other form of management. 
This is especially true of extensive lesions of the 
face, eyelid, nose, ear, parotid and lip. 

Radium or thorium paste: Radium therapy 
has been employed by many clinicians [9]. 
It may be applied to the hemangioma in the 
form of a paste and maintained for a specific 
period of time in order to allow superficial 
radiation with an effect similar to that obtained 
with x-ray therapy. In experienced hands 
radium or thorium radiation gives excellent 
results in the treatment of the pure capillary 
lesions [70] but will have no effect on an associ- 
ated cavernous element because of its limited 
depth of penetration. 

Carbon dioxide snow: Carbon dioxide snow 
has enjoyed an extensive and lengthy popu- 
larity in the treatment of pure capillary 
hemangiomas. When used in experienced hands, 
it is accompanied by a great deal of success 
[2]. However, for large capillary lesions the 
extensive use of carbon dioxide snow is painful 
and occasionally results in ulcerations. Re- 
peated applications are necessary and it has no 
effect on a deeper associated cavernous element. 
Nevertheless it is a very satisfactory method of 
management for pure capillary lesions which 
are quite small. Those less than 0.5 cm. in 
diameter may be completely obliterated with 
one application lasting fifteen to twenty sec- 
onds. For the following seven to ten days a 
blistering effect will be noted and within 
approximately one month the entire heman- 
gioma will have undergone complete regression 
and disappearance. 

Surgical excision: Surgical excision yields a 
prompt result but leaves a permanent scar. 
It is sometimes followed by recurrence of the 
hemangioma if excision has been performed 


Hemangiomas in Infants and Children 


575 


during the period of active growth and oc- 
casionally proves to be a more extensive pro- 
cedure than was anticipated preoperatively. 
Following removal of the lesion, skin grafting 
is often found necessary to cover the resulting 
defect. Although in certain instances surgical 
excision may be indicated, in the majority of 
capillary hemangiomas its use is not justified. 
Treatment off ulcerated hemangiomas: Ulcer- 
ation of the hemangioma simply indicates 
that regressive changes are occurring at a rate 
more rapid than that of the healing process. 
Any form of obliterative therapy such as x-ray 
therapy, radium therapy, the use of carbon 
dioxide snow etc., simply results in more exten- 
sive destruction and a more widespread ulcer- 
ation. Surgical excision will result in an 
immediate improvement but usually is not 
necessary. If conservative management is 
followed, healing will occur at a rapid rate. The 
area should be cleansed at least twice daily 
with a mild antiseptic solution followed with the 
application of a bland ointment. The raw sur- 
face should then be kept covered loosely with a 
sterile gauze pad, and this treatment continued 
until the ulceration is completely healed. Subse- 
quent treatment of the hemangioma is rarely 
necessary since complete obliteration will 
generally result once ulceration has occurred. 


CAVERNOUS HEMANGIOMAS 


Cavernous hemangiomas may present either 
in conjunction with an overlying capillary ele- 
ment (Fig. 5) or as isolated subcutaneous 
swellings of a fluctuant nature with only a 
bluish tint to the overlying skin when examined 
in a natural light. (Fig. 6.) 

The Natural History of Cavernous Hemangio- 
mas. The purely cavernous lesions as compared 
to the capillary lesions are more permanent in 
their existence. A definite percentage will 
undergo spontaneous regression; some will re- 
main stable tn size; others will continue a slow, 
progressive, unrelenting growth producing dis- 
figurement and even functional embarrassment 
if treatment is withheld. 

Treatment of Cavernous Hemangiomas. Car- 
bon dioxide snow: Carbon dioxide snow is 
unsatisfactory in the treatment of cavernous 
lesions because its depth of penetration is not 
great enough to reach the portion of the 
hemangioma requiring treatment. 

Radium or thorium paste: The same can be 
said of radium or thorium paste as was said 
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Fic. 5. A mixed capillary and cavernous hemangioma with evidence of spontaneous regression of the capillary 


element. 


Fic. 6. A large cavernous hemangioma of the face. Photograph taken first day of life. Complete regression occurred 


with one treatment of 200 r of x-ray therapy. 


Fic. 7. A, a large ulcerating cavernous hemangioma 
of the forearm of a two weeks old infant. B, following 
surgical excision. 


about carbon dioxide snow, namely, the depth 
of penetration is not great enough to effect the 
result. 


Injection therapy: In many instances in- 
jection of sclerosing solutions will result in 
regression of the cavernous hemangioma and 
occasionally is the ideal form of treatment. Any 
of the various sclerosing agents employed in the 
management of varicose veins or other vascular 
lesions may be used. Good results have been 
reported with sodium morrhuate, urethane, 
quinine and ethyl carbamate, 33 per cent 
sodium chloride, 50 per cent glucose and many 
other agents commercially prepared for use in 
such cases. The sclerosing solution is injected 
locally into the hemangioma or into its base. 
This results in swelling and irritation of the 
endothelium with subsequent thrombosis and 
eventual sclerosis of the lesion. When properly 
employed, one injection may prove sufficient to 
produce complete regression of a smaller 
cavernous hemangioma. It can be carried out 
readily in a physician’s office with a minimum 
of trauma to the young child. In older children, 
however, the pain of the injection is quite 
severe and is a definite deterrent to its use 
especially if repeated injections are required 
as is frequently necessary for the larger 
hemangiomas. 

Surgical excision: When the lesion is well 
demarcated or pedunculated, surgical excision 
may frequently be the simplest and most satis- 
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‘factory method of management [17]. (Fig. 7.) 
[t produces an immediate and positive result 
but, before undertaking surgical excision of a 
large hemangioma, one must bear in mind that 
the lesion is probably more extensive and more 
vascular than one would suspect preoperatively. 
Provisions must be made for considerable 
blood loss and one must weigh the advantages 
against the disadvantages of excisional therapy 
of the particular lesion. Very often surgical 
therapy may be deferred until one of the other 
forms of therapy has brought about a decrease 
in vascularity to an extent that makes excision 
less hazardous. 

Endothermy coagulation: Endothermy co- 
agulation of cavernous hemangiomas at one 
time enjoyed considerable popularity, but this 
has decreased considerably over the past 
several years. It is occasionally found to be 
valuable in the treatment of certain selected 
small lesions although great care must be 
exercised, since multiple weeping puncture 
marks may result or injury to vital underlying 
structures may occur because of inaccurate 
placement of the coagulating needle. 

Interstitial irradiation with gold radon seeds: 
Some clinicians routinely employ interstitial 
irradiation with gold radon seeds especially for 
the more solid type of subcutaneous lesions and 
report consistently good results. In experienced 
hands it is in all probability a good form of 
management [12]. The advantage of this 
method is that the radon seeds may be ac- 
curately placed and radiation limited to the 
specific area. Placement of the seed frequently 
requires a general anesthetic and also its re- 
moval is often necessary. Local slough of tissue 
will result from inaccurate placement of the 
seed and considerable residual atrophy of the 
overlying skin may result. 

X-ray therapy: X-ray therapy in specific 
instances is extremely satisfactory in the treat- 
ment of cavernous hemangiomas (Fig. 6.) but 
it must be administered under the supervision 
of an experienced radiologist and an experi- 
enced clinician. X-ray, when employed for 
cavernous lesions, requires deeper penetration 
than for the capillary hemangiomas. Results 
are usually quite satisfactory but response is 
slow since it is advisable to employ small doses 
of x-ray when treating a purely benign lesion. 
In many instances a combination of x-ray 
therapy followed two or three years later by 
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excision of the residual redundant skin is the 
treatment of choice. 


STELLATE HEMANGIOMAS 
(SPIDER TELANGIECTASES) 


Spider telangiectases are occasionally seen 
involving the skin of infants or small children. 
Clinically they appear quite similar to those 
seen in pregnant women and patients with 
chronic liver disease [13]. They consist of a 
central red dot, which represents the feeding 
vessel, and multiple tiny radiating vessels (or 
spokes) extending out for a varying distance in 
all directions. These lesions may be noted at 
birth or may appear or develop during the 
ensuing years. Approximately 50 per cent will 
regress spontaneously with no treatment at all. 
Treatment, however, is quite simple and will 
result in an immediate and dramatic result. 
Treatment is directed at obliteration of the cen- 
tral feeder vessel and this may be accomplished 
by either of two satisfactory methods. A sharp 
pencil of carbon dioxide snow applied for fifteen 
to twenty seconds will result in an immediate 
blanching of the area; this is followed by red- 
ness and swelling with a central blister and 
obliteration of the entire lesion in approxi- 
mately one month. The other method consists 
of obliteration of the feeder vessel by means of 
the desiccating diathermy needle; this results 
in coagulation of the central feeder vessel, 
immediate obliteration of the radiating spokes 
and healing of the central “‘pock mark” within 
a week’s time. 


SALMON PATCH 


The so-called salmon patch, erythema nuchae 
or neonatal staining, is a flat, pink intradermal 
type of capillary lesion which is frequently seen 
over the bridge of the nose, on the forehead or 
the back of the neck of newborn infants. 
(Fig. 8.) It occasionally is referred to as a 
“‘stork-mark.”’ The pigmentation fades within 
a few months usually with no subsequent 
residual evidence of the lesion. Occasionally a 
mild persistent stain will remain which will 
show up later on in life when one’s blood pres- 
sure is raised in anger or during physical 
exertion. No treatment is indicated for this 
particular lesion. 


PORT-WINE STAINS 


The port-wine stain, or “hemangioma sim- 
plex,” is an intradermal type of capillary 
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Fic. 8. A typical salmon patch of the forehead of a newborn infant which had 
completely disappeared by one year of age. 


Fic. 9. Extensive port-wine nevus. 


Fic. 10. A deeply pigmented port-wine hemangioma with hyperkeratotic nodules over its surface. 


Fic. 11. Hemangiomatous overgrowth of extremities with hemangiomatous varicosities, multiple small arteriovenous 
shunts and port-wine discoloration of the skin. 


lesion which is present at birth. It gives a remain unchanged throughout life. They often 
purplish appearance to the skin and is per- develop hyperkeratotic nodules over their 
manent in its existence. They may vary incolor surface (Fig. 10), and may or may not be asso- 
from a slightly pink appearance to various ciated with underlying cavernous elements. 

shades of deep purple. (Figs. 9 and 10.) Port- The Treatment of Port-Wine Stains. Port- 
wine stains of a more pink appearance will fade © wine stains are permanent and do not 
somewhat with age but a definite stain remains _—_ respond to any form of treatment other than 
permanently. The more deeply purple ones surgical removal. The use of blistering doses 


578 


a 
a 3 * 


of ultraviolet light has, through the years, 
proved unsatisfactory. Various attempts at tat- 
tooing the port-wine stains, likewise throughout 
the years, have proved unsatisfactory. If the 
lesion is small, surgical excision and primary 
closure of the defect is the treatment of choice. 
Many of the port-wine stains, however, are so 
extensive that wounds left by their removal 
must be covered by means of a skin graft. For 
the deeply pigmented purple lesions this is 
unquestionably the treatment of choice where 
a cosmetic result is important. For the exten- 
sive port-wine stains consisting of only a slight 
discoloration of the skin little or no cosmetic 
improvement can be obtained through surgery. 
In these particular cases covering them with 
cosmetic make-up is frequently the most satis- 
factory method of management since these 
cosmetics are widely available at reasonable 
cost and in a wide range of shades. It should be 
emphasized that the only indication for remov- 
ing the port-wine stain is cosmetic and the ulti- 
mate improvement must be significant if it is 
to justify extensive surgical procedures. 


HEMANGIOMATOUS VARICOSITIES 


Hemangiomatous varicosities generally in- 
volve one of the extremities but may extend 
well up onto the trunk. These lesions may vary 
in degree from a deep cavernous lesion (which 
can be demonstrated only by palpation while 
the lesion is in a dependent position), to the 
extensive variety with extreme hemangio- 
matous giantism or overgrowth of the extrem- 
ity (Fig. 11) which may be associated with 
multiple arteriovenous shunts. The skin surface 
in some instances is discolored with a port-wine 
type of stain. As the child grows, there is un- 
relenting overgrowth of the extremity and 
extension of the hemangiomatous involvement 
which results in complete incapacitation. Other 
anomalies of the extremity, such as the lobster- 
claw deformity etc. may be associated with 
this condition. 

Treatment of Hemangiomatous Varicosities. 
Treatment of this particular type of lesion is 
most difficult. X-ray therapy and injection of 
sclerosing solutions have proved helpful in some 
instances although the results are generally 
disappointing when either of these methods 
alone is employed. Extensive surgery carried 
out in several stages is probably the most satis- 
factory form of treatment. Frequently skin 
grafts may be obtained from the skin of the leg 
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Fic. 12. Mushroom-shaped pyogenic granuloma of 
lower lip. 


itself and then reapplied after extensive excision 
of the entire skin and subcutaneous tissue in- 
cluding the hemangioma. When surgery is thus 
carried out in stages, a satisfactory result with 
a functioning extremity can generally be ob- 
tained. The results, however, are often dis- 
appointing with recurrence of the hemangioma 
bubbling through the skin graft and continued 
overgrowth of the extremity. This is especially 
true when the hemangioma involves the deep 
muscles and bone and has multiple deep 
arteriovenous communications. Amputation, 
however, should be reserved until all efforts to 
provide a functioning extremity have failed. 


PYOGENIC GRANULOMAS 


The granuloma pyogenicum cannot be truly 
classified as a hemangioma, but it is included 
in this discussion because of its frequent con- 
fusion with hemangiomas. Actually it is an 
acquired lesion and not a true hemangioma. It 
is a reddish, wartlike, often pedunculated 
growth consisting primarily of granulation 
tissue which is quite vascular. It may develop 
at the site of some form of local injury such as 
a puncture wound from a thorn or splinter of 
wood or a bee sting, or other similar type of 
local injury which has resulted in a low grade 
infection. Sometimes no history of injury can 
be obtained. Exuberant granulation tissue 
grows from the area and presents as a reddish, 
mushroom type lesion. (Fig. 12.) These lesions 
consisting primarily of vascular granulation 
tissue bleed easily when touched or injured in 
any way. They occur most frequently on the 
hands and fingers or about the lips and face. 
Treatment of the pyogenic granuloma is rela- 
tively simple. In many instances it can be 
excised with scissors and the base cauterized 
with silver nitrate. This will generally give a 
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satisfactory result provided the base of the 
stalk is cauterized deeply enough to prevent a 
recurrence. Most clinicians prefer electrodesic- 
cation of the base since it gives a more satis- 
factory control of bleeding at the time of 
removal. Excision with primary suturing will 
likewise be satisfactory but occasionally will 
result in a considerable amount of reaction in 
the vicinity of the sutures since the process 
results initially from a low grade infection. This 
lesion will respond quite satisfactorily to a 
minimal amount of x-ray therapy if, because 
of its location or other reasons, surgical excision 
is not preferred. 


SUMMARY 


Each of the seven clinical varieties of heman- 
gioma have been discussed separately, em- 
phasizing the importance of understanding the 
natural history of the individual lesion before 
initiating specific therapy. No therapy is indi- 
cated or advisable for many. Others require 
immediate and definitive treatment to prevent 
severe complications resulting in disfigurement, 
loss of function or even a threat to the life of 
the individual. Although certain generalizations 
may be made regarding each type of heman- 
gioma, the choice of therapy must be made on 
an individual basis, taking into account the 
many factors enumerated for each group. 
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Respiratory Emergencies in the Newborn 
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ig is generally recognized that a large number 
of the fatalities among the newborn are due 
to respiratory failure [7]. An important propor- 
tion of these are due to intrathoracic conditions 
which can be successfully corrected if diagnosed 
promptly. 

The development of surgical technics used 
to treat these conditions forms a recent chapter 
in the progress of surgery. It is characteristic 
of most of these conditions that diagnosis can 
usually be made without difficulty and that 
the results of surgical intervention are bene- 
ficial. The keystone of success lies in early 
recognition and early surgical treatment. To 
diagnose esophageal atresia, tension cyst of 
the lung, diaphragmatic hernia or congenital 
lobar emphysema presents few difficulties. All 
show degrees of dyspnea, tachypnea and often 
cyanosis. These signs are. easily recognized. 
There should be deep concern when a diagnosis 
is delayed due to a lack of knowledge on the 
part of nursery personnel not sufficiently 
trained to realize the implications of such 
obvious signs. 


CONGENITAL DIAPHRAGMATIC HERNIA 


Congenital diaphragmatic hernia is rela- 
tively common. Bowers [2] reported thirteen 
patients with diaphragmatic hernia in a series 
of 15,556 deliveries. He emphasized the impor- 
tance of the obstetrician in recognizing this 
condition and noted that of thirteen patients 
nine died within two hours of birth. In only 
four of these was the correct diagnosis made 
antimortem. Deaths from the complications of 
herniation in adults are usually avoidable and 
such disasters are viewed with alarm. The same 
aura of gravity should surround the death of a 
newborn from an unrecognized diaphragmatic 
hernia. 


There is no doubt, as many have shown 
[3-6], that a high salvage rate should be ex- 
pected following surgical repair. 

Congenital diaphragmatic hernias can occur 
at any of the following sites: (1) posterolater- 
ally, i.e., through the foramen of Bochdalek; 
(2) anteromedially, i.e., through the foramen of 
Morgagni; (3) through the esophageal hiatus. 
The most frequent and fatal type of congenital 
diaphragmatic hernia is due to failure of ob- 
literation of the pleuroperitoneal foramens of 
Bochdalek. This portion of the diaphragm 
normally is complete by the fourth week of 
embryonic life. There is one foramen situated 
posterolaterally in each leaf of the diaphragm. 
The foramens are gaps left where the septum 
transversum, which forms the anterior portion 
of the diaphragm, fails to meet the shelf of 
proliferating mesodermal cells at the cephalic 
end of the dorsal mesentery which grows for- 
ward to form the posterior portion of the 
diaphragm. The foramens are normally closed 
by a double-layered membrane consisting of 
pleura and peritoneum, the closure being sub- 
sequently strengthened when muscle develops 
between the two layers. The foramen on the 
right closes before that on the left, a fact which 
is used to explain the low incidence (15 per 
cent) of right-sided herniations. 

The persistence of a patent foramen allows 
displacement of abdominal viscera to occupy 
the greater portion of the hemithorax. Since 
arrest in development usually occurs before 
the gap is bridged by pleuroperitoneal mem- 
brane, a sac is infrequently present. It is almost 
invariably fatal if untreated. 

Diagnosis. The diagnosis should be con- 
sidered in every newborn with tachypnea and 
episodes of cyanosis particularly if these persist 
after clearing of the airway. A lag of the affected 
hemithorax may be observed. The striking 
observation, however, is the appearance of the 
abdomen which, instead of being normally 
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Fic. 1. Roentgenogram of newborn with a right dia- 
phragmatic hernia (posterolateral defect). A shift of the 
mediastinum to the left is present. Gas-filled loops of 
bowel are observed to fill the right hemithorax, and 
little intestinal pattern is seen below the level of the 
diaphragm. 


protuberant, is scaphoid. To palpation it gives 
the sensation of being empty. Auscultation of 
the chest is not as helpful as might be expected. 
Sounds of breathing are apt to be diminished 
on the side of the hernia, but at times are well 
transmitted from the normal lung. Time should 
not be lost in an attempt to hear bowel sounds 
over the thorax although, if present, they are 
diagnostic. 

Plain radiographs of the chest confirm the 
diagnosis. It is not necessary to employ radio- 
paque materials and in a seriously disabled 
child this is meddlesome. Since many infants 
die within a few hours of birth unless treated 
promptly, the nursery for the newborn should 
be equipped to take roentgenograms without 


delay. Typical roentgenogram findings are: (1) 
partial to complete absence of the diaphrag- 
matic shadow on the affected side; (2) shift of 
the mediastinum to the normal side; (3) radio- 
lucencies typical of gas-filled intestinal loops 
replacing the normal lung pattern. (Fig. 1.) 
This appearance has been confused with cystic 
disease of the lung. The absence of a normal 
bowel pattern in the abdomen excludes this 
possibility. 

Treatment. Most patients are in severe re- 
spiratory distress and the necessity to operate is 
obvious. Some may have a period of temporary 
improvement with the administration of oxygen 
and the aspiration of mucus from the naso- 
pharynx. It may be tempting to postpone 
operation, but the patient’s cardiorespiratory 
reserve is small and prolonged delay is inex- 
cusable. No consideration should be given to 
the time-worn recommendation to wait for 
gain in weight and increase in size of the child. 
Indeed it is unwise to vacillate even for an 
hour as this only invites progressive encroach- 
ment upon residual functioning lung tissue by 
increasing distention of the intestinal tract. 
Delay may lead also to intestinal obstruction 
with gangrene or perforation, or to strangula- 
tion of the liver. 

As soon as the diagnosis has been established, 
feedings are withheld and nasogastric suction 
instituted. While the operating room is being 
prepared, all attention must be directed toward 
supporting the infant’s respiratory function by 
maintaining a clear airway and by the ad- 
ministration of oxygen. Intravenous therapy is 
not usually of urgent concern. 

Closure of the defect can be performed 
equally well through either a thoracic or an 
abdominal approach. The thoracic incision is 
made through the seventh intercostal space. 
Viscera within the affected hemithorax are 
gradually displaced through the defect into the 
abdominal cavity and the defect is then closed 
with interrupted silk sutures. In instances in 
which the defect is so large that its edges can- 
not be approximated, it may be filled with a 
patch of Teflon.® The abdominal approach is 
made through a paramedian incision. The liver 
is displaced and the viscera withdrawn from 
the pleural space. The defect is then closed as 
previously described. This has the advantage 
of permitting the surgeon to treat other ab- 
normalities of the gastrointestinal tract should 
they exist, notably malrotation with duodenal 


4 é 
€ 
eo, 
4 hz: : 
582 


obstruction. However, difficulty may be en- 
countered during closure in approximating all 
layers of the abdominal wall. The abdominal 
cavity, which has been relatively empty 
throughout most of its development, has lacked 
a stimulus to grow. Its capacity is therefore 
limited. This limited capacity in some patients 
makes it inadvisable to close the abdominal 
incision completely as it would increase intra- 
abdominal tension sufficiently to limit dia- 
phragmatic action and interfere with venous 
return. The difficulty can be readily overcome 
by approximating the skin edges only. This 
leaves a large incisional hernia which can be 
repaired some weeks later. 

In many patients the ipsilateral lung is small 
and appears hypoplastic. It is vital that the 
anesthetist resist vigorous efforts to inflate it. 
Overdistention of the normal lung may occur 
with mediastinal emphysema or rupture of the 
lung and the production of a pneumothorax [7]. 
It is our conviction that left alone this small 
lung will gradually grow and expand. Vigorous 
attempts to remove all air from the pleural 
space following operation should not be under- 
taken. If this lung does not expand completely, 
overdistention of the normal lung will result 
and its optimal function will be reduced. 

Oral feedings are to be avoided for forty- 
eight hours. Fluids are given intravenously in 
carefully monitored amounts, and the patient 
kept in a humid, oxygen-enriched atmosphere. 
The infant should be supervised constantly by 
nurses trained in the management of such 
problems. 


ESOPHAGEAL ATRESIA 


The report by Haight [8] in 1943 of the first 
surgical cure of a patient with esophageal 
atresia emphasized the importance of intra- 
thoracic surgical emergencies involving the 
newborn. A successful result in the use of 
surgical treatment should be expected in over 
50 per cent of patients [5,9,10]. Five types of 
this malformation are recognized. In the com- 
monest form the proximal esophageal segment 
terminates as a blind pouch and a fistulous 
communication connects the distal part of the 
esophagus with the trachea. 

Diagnosis should not be difficult and can be 
made before the first feeding is administered. 
One has but to remember that these babies 
cannot swallow their saliva which appears as 
frothy material in the nose and oropharynx and 
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characteristically reaccumulates rapidly after 
suctioning. The significance of the “wet spot” 
beneath the baby’s mouth cannot be over- 
emphasized. Saliva that cannot be swallowed 
may be aspirated so that tachypnea and episodes 
of cyanosis are common. The diagnosis is made 
without difficulty by attempting to pass a 
catheter through the nasopharynx into the 
stomach. If the catheter meets an obstruction, 
the diagnosis is made. It is important to select 
a fairly stiff catheter which might otherwise 
curl up in the dilated segment proximal to the 
atresia (Fig. 2), giving a false impression of 
having passed into the stomach. 

Further information can be supplied by the 
radiologists who should make anteroposterior 
and lateral exposures after instilling 1 to 2 cc. 
of lipiodol through the catheter. Charac- 
teristically, this will outline a blind upper 
pouch, while the presence of gas in the distal 
gastrointestinal tract will prove the existence 
of the usual type of anomaly with a fistulous 
communication between the trachea and the 
distal esophageal segment (Fig. 3). Since the 
fistulous opening represents the proximal end 
of the distal segment and since the fistula in- 
variably enters the trachea at about the level 
of the carina, the surgeon may form a reasona- 
bly accurate estimate of the gap to be bridged. 
Furthermore, the films will yield information 
on the pulmonary status which all too fre- 
quently shows varying degrees of aspiration 
pneumonia. In a distressingly high proportion 
of patients the films give evidence of congenital 
heart disease or of a right-sided aortic arch— 
the latter complicating the surgical approach 
in no small degree. 

Treatment. Throughout all phases of treat- 
ment, before, during and after operation, atten- 
tion must be directed primarily toward protec- 
tion of the lungs from aspiration. Untreated, 
these babies die of pulmonary complications, 
not from inanition. 

Preoperatively the nasopharynx is suctioned 
frequently and the baby postured flat in the 
supine position. While lowering the head would 
promote drainage of oral secretions, such a 
position would also promote retrograde flow of 
gastric contents through the fistula into the 
trachea and is unsafe. The patient may not 
have been seen until after the second or third 
day of life by which time some degree of dehy- 
dration is likely; however, great care must be 
taken in the administration of intravenous 
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Fic. 2. Lateral roentgenogram of patient with esophageal atresia. The catheter is shown 
to be looped in the proximal esophageal segment. 


Fic. 3. Roentgenogram of patient with esophageal atresia of the common type. Injec- 
tion of lipiodol has outlined a blind upper esophageal segment. The presence of an 
esophagotracheal segment is indicated by the presence of gas within the intestinal tract. 


fluids, especially saline, for fear of increasing 
the invariably present aspiration pneumonia. 
It is desirable to prepare the child over a period 
of twelve hours before operating. It is vitally 
important that the patient be under the close 
supervision of trained nursing personnel and 
that frequent suctioning of the nasopharynx 
be performed. 

In preparing for operation many anesthetists 
prefer to intubate the trachea before starting 
anesthesia. This permits satisfactory aspiration 
of the tracheobronchial tree. It is preferable to 
monitor the patient’s temperature by an in- 
dwelling rectal thermocouple. The room tem- 
perature must not be too low and the surgeon 
should be concerned with maintaining the 
patient’s temperature at near normal levels. 

With the patient postured on the left side 
right transpleural thoracotomy is performed. 
We believe this permits maximal exposure of 
the operative area. Others, who advocate a 
retropleural approach [9], believe it has the 
advantage of avoiding contamination of the 
pleural space should a leak at the anastomosis 
occur postoperatively. The proximal esophageal 
pouch is identified first and care is taken to 


avoid damage to the vagus nerves. An impor- 
tant consideration during dissection of this 
portion of the esophagus is its adherence to the 
trachea. This part of the dissection should be 
done most carefully to avoid perforation of the 
trachea. Freeing of the esophagus completely, 
well up into the base of the neck, is important 
since it allows its displacement caudally, reduc- 
ing tension on the anastomosis. The tissues 
must be handled gently to avoid tissue necrosis. 
For this reason the application of crushing 
clamps is avoided. The lower esophageal seg- 
ment and its communication with the trachea 
is then dissected and divided as close as possible 
to the trachea, the fistulous opening being 
carefully closed with interrupted sutures of 
fine silk. 

Anastomosis of the distended proximal pouch 
to the small distal segment may seem difficult 
at first. However, by the careful placing of 
traction sutures of fine silk it is possible to 
maintain a clear definition of the orifices of 
the esophagus. Satisfactory anastomosis is 
performed using interrupted fine silk sutures 
through all layers of the wall, placed about 1 
to 14 mm. apart. This single layer anastomosis 
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is advisable when considerable distance sep- 
arates the ends of the bowel. Otherwise, a 
two layer anastomosis approximating mucosa 
to mucosa as one layer and muscular layers as 
the second is recommended. In our opinion 
imbrication of a lower segment within the 
upper, as originally performed by Haight, has 
resulted in a high incidence of postoperative 
esophageal stenosis. The chest wall is closed in 
layers and closed intercostal catheter drainage 
instituted. 

It is advisable to perform a gastrostomy for 
feeding purposes and it is usually practical to 
do this immediately after closure of the thoracic 
incision. Through a small left paramedian in- 
cision a Stamm gastrostomy is performed. We 
believe this to be the safest method of feeding 
the child after operation, and to be preferable 
to giving feedings through a fine plastic feeding 
tube introduced into the stomach via the 
nasopharynx. 

Postoperative Management. A carefully 
planned postoperative regimen is essential. 
Again, the availability of well trained nursing 
personnel experienced in the handling of new- 
born patients who have undergone surgery 
pays rich dividends. 

Environment: The baby is placed in a humid, 
oxygen-enriched atmosphere. The level of oxy- 
gen saturation should be checked regularly to 
avoid the possibility of retrolental fibroplasia. 
In our experience the baby is most efficiently 
managed in an Isolette,* which gives easily 
controlled temperature, humidity and oxygen 
saturation and where the baby can be easily 
examined and his vital signs checked. 

Suctioning: Frequent suctioning of the naso- 
pharynx is generally required particularly dur- 
ing the first forty-eight hours after operation. 
Care should be exercised that the suction tip 
does not extend into the esophagus to the level 
of the anastomosis to avoid trauma to the 
anastomotic site. 

Intravenous fluids and oral feedings. When 
operation is performed within the first day of 
life, no intravenous fluid will be necessary for 
twenty-four hours. After this or in the baby 
who is over forty-eight hours of age 5 per cent 
glucose and water is administered as a con- 
tinuous drip. A volume of 30 to 40 cc. per pound 
per twenty-four hours should not be exceeded. 
A total of 120 to 140 cc. in twenty-four hours 
is usually given. During the second twenty-four 

* Air-Shields Inc., Hatboro, Pennsylvania. 


hour interval electrolytes can be added. Gas- 
trostomy feedings can be started on the third 
postoperative day. Five to 10 cc. of sugar and 
water are administered at hourly intervals for 
several hours and, if tolerated, a milk formula 
is substituted. It is advisable to leave the 
gastrostomy tube uncapped between feedings. 
Its tip may be placed into the open end of a 
test tube which is attached to the side of the 
Isolette approximately eight inches above the 
baby. This allows relief of gastric distention 
should it occur and tends to prevent vomiting 
with its obvious hazards. 

Follow-up. Growth and development of 
many patients is normal. It is advisable to do a 
barium esophogram before the patient is dis- 
charged from the hospital. Later, should any 
difficulty in swallowing occur, this may be 
repeated. Stricture formation at the anas- 
tomotic site occurs in approximately 30 per 
cent of patients. Resection of the anastomotic 
site and reanastomosis is rarely required. Most 
patients with this complication can be treated 
successfully with a few dilatations of the 
stenotic area. 


PNEUMOTHORAX, CONGENITAL PULMONARY 
EMPHYSEMA AND CYSTIC DISEASE 
OF THE LUNG 


Another important group of newborns who 
suffer from respiratory distress are those with 
cystic disease of the lung, pneumothorax and 
congenital pulmonary emphysema. The signs 
and symptoms exhibited by these patients are 
usually so similar that they can most con- 
veniently be considered as a group. 

In some the onset of signs is immediate and 
the infant’s condition is critical from birth. 
Others at first show only a slight tachypnea. An 
observant nurse, however, will note that feed- 
ings are taken with difficulty due to breathless- 
ness. Subsequently, bouts of choking and epi- 
sodes of cyanosis occur. The respiratory distress 
tends to become severe, often at an alarming 
rate, and relief must be supplied promptly if 
tragedy is to be averted. 

When the physiopathology of these entities 
is considered, one is again impressed by their 
close relationship. All are affected by mechani- 
cal compression of normal lung tissue, first on 
the affected side and later, as the mediastinum 
shifts, of the contralateral lung. The compress- 
ing agent may be a tension pneumothorax, a 
gradually or rapidly enlarging emphysematous 
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Fic. 4. Roentgenogram of a newborn with pneumo- 
thorax (left). A shift of mediastinum to the right is seen. 


lobe or segment of lung tissue, or expanding 
intrapulmonary lung cysts or cyst. 

The cause of these conditions has been widely 
debated [11-15]. Pneumothorax in the newborn 
(Fig. 4) can most often be attributed to trauma 
at birth or to too vigorous attempts at resuscita- 
tion. There may be underlying pulmonary 
disease such as hyaline membrane disease or 
subpleural blebs. A ball valve mechanism per- 
mitting the escape of air from a bronchus into 
the free pleural space during inspiration results 
in the development of tension pneumothorax. 

Undoubtedly, many patients claimed to have 
had congenital cysts of the lung were in fact 
suffering from acquired disease. A frequent 
sequela of staphylococcal pneumonia is the 
formation of cysts or pneumatoceles [13]. These 
generally recede spontaneously without com- 
plication. On the other hand there can be little 
doubt that there is an embryologic explanation 
for the development of cysts within the lung 
tissue of some patients. The rare appearance of 
giant pulmonary cysts in the newborn strongly 
suggests a congenital origin and Boyden [11] 
recorded the presence of pulmonary cysts in 
the upper lobes of a 31 mm. human embryo. 
This condition, from whatever cause, assumes 
clinical importance when_the cyst or cysts 
become large and pulmonary function is com- 
promised. Its effect is the same as a tension 
pneumothorax and its treatment becomes 
urgent. 


Fic. 5. Roentgenogram of a newborn with congenital 
pulmonary emphysema involving the right upper lobe. 
There is marked mediastinal shift. The right middle and 
lower and the left upper lobes are atelectatic. 


Diagnosis is clarified by roentgenographic 
examination and the treatment consists of re- 
section of that portion of the lung involved. 
However, if the patient is in extremis, imme- 
diate transthoracic needling of the cyst to 
reduce its tension may be life saving. This 
should be a temporizing procedure only and 
operation to resect the lobe or lobes involved 
is mandatory. 

Congenital lobar or segmental pulmonary 
emphysema is exceedingly rare. In this condi- 
tion a segment or lobe of lung becomes progres- 
sively overdistended and as a consequence 
encroaches on normal lung tissue. Bronchiolitis 
or bronchial compression from without, as by 
an anomalous systemic artery, is undoubtedly 
responsible for the development of emphysema 
in certain patients. The absence or paucity of 
cartilaginous tissue within the bronchial walls 
permits their collapse during the expiratory 
phase of respiration. The air which enters the 
alveoli during inspiration, therefore, becomes 
trapped and emphysema results. This may 
reach such proportions that resection of the 
abnormal lung tissue is urgently required. 
Radiologic examination reveals typical findings 
of overinflation of a portion of the lung and 
compression of normal lung tissue. (Fig. 5.) A 
prominent degree of mediastinal shift is usual. 
If these conditions prevail, the only course to 
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follow is that of surgical resection of the affected 
portion of lung. This should not be delayed. 
Once thoracotomy is performed and the lung is 
permitted to herniate through the incision, the 
anesthetist will note immediate improvement 
of respiratory function. Resection of the af- 
fected portion may then be done without undue 
haste. Normal growth and development should 
be expected following successful resection. 
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ONGENITAL deformities of the chest, once 

considered as curious and essentially unim- 
portant anomalies of thoracic contour, have, 
in the last ten years, come to be recognized as 
fairly common, frequently symptomatic and 
readily correctable. 


FAILURES OF STERNAL FUSION 


The sternum forms from paired anlagen, the 
sternal bars on either side of the midline, which 
normally fuse by the ninth week. In some in- 
stances the paired anlagen fail to meet and 
there is a total sternal separation. This may be 
associated with true ectopia cordis. This ec- 
topia may vary from an unusual prominence 
of the heart, covered by normal skin, to the 
appearance, well anterior to the chest, of the 
heart uncovered by skin or pericardium. In 
such extreme instances the displacement of the 
heart is associated with intracardiac anomalies, 
so serious that up to the present no child has 
survived replacement of the heart within the 
thorax. On the other hand, mere separation of 
the sternal halves, without marked dislocation 
of the heart or a defect in the integument, is 
quite readily correctable. Maier has pointed 
out that whereas at birth the sternal halves 
are very readily approximated (Fig. 1), within 
a few weeks considerably more force may be 
required to bring the sternal halves together 
in the midline. Maier [1] and Longino [2], 
among others, have successfully repaired com- 
plete sternal clefts. 

V-shaped clefts of the upper half or two 
thirds of the sternum are perhaps less uncom- 
mon than complete separation of the sternal 
halves. The heart, uncovered by the sternum, 
appears as if displaced cephalad so as to be 
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almost a cervical organ. This has given rise to 
a number of reports of ‘“‘cervical ectopia 
cordis.”’ In actual fact, in the instances which 
we have seen, there has been no displacement 
of the heart except the ventral displacement 
permitted by the sternal cleft. Experiences in 
this clinic have quite clearly convinced us that 
with advancing age, repair of these clefts 
becomes increasingly difficult. In a child of 
three years (Fig. 1) closure of the V-shaped 
upper sternal defect was made possible by 
chondrotomies in the costal cartilages to either 
side [3]. It seems probable that, had the opera- 
tion been performed in infancy, a simple sutur- 
ing of the sternal halves would have sufficed 
without any relaxing chondrotomies. 

In a child of nine years chondrotomies and 
transverse division of the sternal halves at the 
lower end of the separated sternum permitted 
the sternal halves to be brought together, but 
only at the expense of intolerable compression 
of the heart. In this instance the heart was 
therefore covered over and protected, and the 
unpleasantly conspicuous pulsation hidden by 
a four-ply prosthesis of stainless steel wire mesh 
placed over the costal cartilages and under the 
pectoralis major muscles. One would actually 
prefer compressed ivalon for this purpose or, 
possibly, Teflon cloth or felt. On the duy this 
operation was performed none of these mate- 
rials was available in a size adequate for the 
need. The ultimate result, however, has been 
extremely satisfactory. Nevertheless, the use 
of a metal prosthesis in relatively close proxim- 
ity to the great vessels has been shown to carry 
a certain hazard. 

The group of clefts of the distal sternum, in 
which we have been most interested have been 
those associated with a pentalogy of defects [4]. 
Generally reported in the past under the title of 
“Thoraco Abdominal Ectopia Cordis,” these 
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Fic. 1. Sternal clefts. Complete sternal clefts can be repaired readily in the 
neonatal period by circumferential sutures. The chest rapidly becomes more 
firm and makes this progressively more difficult. Apparent herniation of the 
heart and pericardium are common. With true ectopia cordis and a heart 
protruding far above the level of the chest, uncovered by skin, associated 
intracardiac anomalies are such as usually to prevent successful operation. 
With incomplete upper clefts, early in infancy the simple suture suffices. In 
early childhood multiple chondrotomies permit reapproximation of the ster- 
num. Later on it may only be possible to cover the defect with a buried 
prosthesis. The lower clefts of most interest are those associated with the 
pentalogy of defects comprising anterior abdominal wall defect, sternal defect, 
diaphragmatic defect, pericardial defect and ventricular septal defect or left 
ventricular diverticulum. In infancy it is possible to correct all of the defects 
save the ventricular septal defect, which may be postponed. 
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children have all had a cleft of varying degree 
in the distal portion of the sternum, with vary- 
ing degrees of separation of the sternal halves 
in this cleft, allowing the heart to beat promi- 
nently in the epigastrium. Once more there is 
actually relatively little caudad displacement 
of the heart, the appearance being given solely 
by the normal association one makes between 
the end of the bony sternum and the epigas- 
trium. In addition to this cleft, the children 
under discussion have all proved to have a mid- 
line abdominal defect, similar to and at times 
identical with an omphalocele, an anterior 
defect in the diaphragm (Fig. 1), a defect in the 
pericardium through which the heart protrudes 
into or through the diaphragmatic defect, and 
an intracardiac defect, usually an interventricu- 
lar septal defect. Several have also had a left 
ventricular diverticulum. Once more, our ex- 
perience has indicated that a bold attack in the 
neonatal period will allow correction of all of 
these defects but the intracardiac defect. The 
intracardiac defect is repaired as early there- 
after as current practice dictates. 

In these patients the handling of the ventral 
abdominal defect depends upon its nature and 
the age of the patient. In infants, the omphalo- 
cele can be excised and the recti approximated. 
In none of our patients have we attempted to 
approximate the sternal edges to obliterate the 
sternal cleft, a strong fascial reconstruction of 
the entire midline defect seems to suffice. In 
one infant Mulder [5] drew the sternal cleft 
together. 

In a recent and extremely unusual instance, 
we were faced with the problem of a distal 
sternal cleft, widely separated in a baby who 
presented the syndrome of congenital agenesis 
of the abdominal musculature. On the day of 
birth it was seen that it was quite easy to com- 
press the chest and approximate the widely 
separated halves of the rib cage. Because of the 
regular association of serious urinary tract 
defects with agenesis of the abdominal muscu- 
lature, a period of two weeks was lost in at- 
tempts to study the urinary tract. When 
operation was undertaken at the end of this 
time, it was found to be appreciably more 
difficult to bring the halves of the sternum 
together. However, this was achieved with 
heavy silk sutures and reinforced by disengage- 
ment and crossing over of the recti on the 
chest wall, after the anterior edge of the dia- 
phragm had been sutured to the edges of the 


new costal arch. To our distress, at the end of 
some ten days the sutures had cut through the 
soft, bony, cartilaginous structures, which had 
been apposed in the midline, and the sternal 
cleft recreated itself, although by this time a 
heavy fibrous layer had been deposited and 
this, together with the crossed recti, satisfac- 
torily covered and protected the previously 
exposed heart. This child died suddenly at 
home two days after discharge from the hos- 
pital when he seemed well. Autopsy disclosed 
that the sutures had cut through the cartilagi- 
nous and bony structures on either side of the 
defect. No obvious cause of death was found. 


CONGENITAL ABSENCE OF RIBS 


We have now had the opportunity to operate 
on a variety of combinations of absence of por- 
tions of ribs and costal cartilages, sometimes 
associated with sternal malformations. A com- 
mon association is the partial absence of upper 
ribs, usually the second, third and fourth, 
together with their costal cartilages on one 
side, associated with absence of the pectoralis 
major muscle and the breast on the same side. 
Such children demonstrate a striking paradoxi- 
cal motion of the chest wall in the large area 
covered only by pleura and skin and sub- 
cutaneous tissue. We have employed a number 
of methods of correction. The one which has 
seemed most satisfactory is the use of a rib 
graft taken from the contralateral side. The 
soft rib of a child may be readily sawed into 
two or three slender bony struts, forming 
a satisfactory replacement for the absent 
ribs. 

At times local concavities are formed by in- 
curvations of the ribs or costal cartilages, and 
these can be corrected by local subperichon- 
drial or periosteal excisions of the deformed 
costal elements, or double osteotomies, wedging 
out the sunken segments. (Fig. 2.) The bizarre 
deformities associated with supernumerary 
vertebrae, hemivertebrae, etc., may require 
special analysis and imaginative operative 
treatment. Our results with those children 
operated upon and our observations in a num- 
ber of children whom we have observed for a 
span of years, while withholding operation, 
have convinced us that the deformities usually 
become accentuated with the passage of time, 
and that early corrective efforts are well worth 
while. 
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Fic. 2. Atypical defects. Not rarely children are seen with partial absence of 
three or four of the upper ribs and almost complete absence of the correspond- 
ing cartilages. This is frequently associated with absence of the corresponding 
pectoralis major muscle and underdevelopment of the breast. These children 
show a striking paradoxical respiration. A very nice repair is possible by the 
use of rib grafts. A considerable variety of atypical deformities are seen. It has 
been our experience that these tend to progress with age and that, with the exer- 
cise of ingenuity and surgical judgment, very satisfactory correction is possible 
in most of them. In the figure drawn, double chondrotomies allow the sunken 
sections of the ribs to be lifted out. These were maintained in this position by 
wedges of bone placed in the chondrotomies. The sunken left portion of the 
sternum was corrected by cutting at the line of demarcation between the 
normal and the sunken portion, and maintaining the previously sunken portion 
in the corrected position with heavy sutures through the bone. 


DEPRESSION DEFORMITIES (PECTUS EXCAVATUM, 
FUNNEL CHEST, TRICHTERBRUST) 


The greatest experience which we have had, 
and which has been reported in the literature in 
thoracic deformities of children, is with pectus 
excavatum. This is a congenital anomaly in 
which the body of the sternum is depressed 


to form a concavity which may reach to the 
vertebral bodies or beyond, possibly to one 
side, into the paravertebral gutter. The lower 
costal cartilages on either side bend back 
toward the dorsally displaced sternum, giving 
breadth to the concavity, the depth of which is 
usually maximal just above the xiphisternal 
junction. There is therefore a concavity from 
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side to side and from above downward. The 
deformity is commonly noted soon after birth, 
and the feature of greatest importance is the 
tendency toward progression. The degree and 
rate of progression are variable and inconstant. 
In most of our patients the deformity has been 
noted at birth, but, in a few, competent ob- 
servers failed to note the deformity until the 
infant was weeks or months old. The deformity 
of the rib cage and the spine in the more severe 
instances is quite plain even when the patient 
is clothed. In the first months of life infants are 
more pot-bellied than usual. As the child grows 
and the deformity progresses, the patients 
usually have a flat thorax, with decreased 
anteroposterior diameter, a moderate dorsal 
kyphos, and carry their heads thrust forward. 
In the more severe deformities the heart is dis- 
placed far to the left and rotated posteriorly. 
Pushed out in the left hemithorax in a patient 
with a flat, thin chest, the heart gives the 
impression of being imprisoned in the flattened 
chest between the anterior and_ posterior 
parietes and, in fact, it may be so imprisoned. 
The shoulders are rounded, the abdomen pro- 
tuberant and the posture generally miserable. 
The volume of the thoracic cavity is necessarily 
decreased, with varying degrees of compression, 
displacement and rotation of the heart, lungs 
and great vessels. The concavity is conspicuous 
and unsightly and a source of embarrassment 
to young individuals of either sex. Paradoxical 
motion of the sternum, with inspiratory move- 
ment, is a conspicuous feature of the deformity 
in infants and children, until with increasing 
years the chest wall becomes rigid. The para- 
doxical inspiratory motion of the sternum in 
infants may be astonishingly marked. 

Several mechanisms have been proposed for 
the production of this anomaly. Brodkin [6] 
asserts that the anterior portion of the dia- 
phragm, originally derived from the septum 
transversum, is faulty in development with 
resultant deficiency of the musculature of this 
portion, and an abnormal transmission of dia- 
phragmatic action through the fibrous tissue 
which replaces it. Brown [7] originally stressed 
the existence and importance of a substernal 
ligament. Chin [8] is inclined to agree with 
Brodkin. Sweet [9] and Ravitch [zo] point out 
that the deformities are observed at birth, 
almost with the first respirations of the infant, 
and that the maximal concavity of the depres- 
sion is generally well cephalad to the point of 
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diaphragmatic attachment, points which make 
it seem improbable that the diaphragm does 
more than accentuate the deformity. The prob- 
lem then may well be one of overgrowth of the 
ribs, as suggested by Flesch, [11] rather than 
primarily resulting from diaphragmatic action. 
McKusick [12] notes the occurrence of pectus 
excavatum with Marfan’s syndrome, in which 
there is a generalized connective tissue defect, 
an association which is now well recognized. 
Depression deformities of the sternum are 
rather common in association with severe con- 
genital cardiac malformations. Scurvy and 
rickets on the one hand, and obstructive lesions 
in the upper respiratory tract on the other, 
probably play no role in pectus excavatum in 
most instances. A familial incidence is found 
in a significant number of cases, although most 
of our patients have appeared to be instances 
of the sporadic appearance of the deformity. 
We have seen a number in association with 
multiple skeletal deformities, some of them 
suggesting Marfan’s phenotypes. 

In infants the condition is almost always con- 
sidered to be asymptomatic. However, it has 
been our experience, and that of other surgeons 
with substantial experience in this field, that 
mothers commonly report that the children 
are more vigorous, more energetic, eat better, 
and seem generally to have developed astonish- 
ingly directly after operation, in spite of the 
fact that it had not been appreciated before 
operation that the children suffered in any 
way. In an occasional infant there is frank 
dysphagia before operation, relieved after oper- 
ation, and in three of our patients, alarming 
stridor, with apparently severe inspiratory ob- 
struction, was relieved by the operation. 

In older children there is commonly some 
recognized disability. It may be only of the 
order that allows a child to run but not to race, 
to hike but to fall behind when the going is 
uphill, to “fool around” the basket ball court 
but not to play a game. In almost all of these 
children, some objective evidence of cardiac 
displacement or embarrassment can be found 
in terms of occasional arrhythmias, systolic 
murmurs which disappear after operation or 
electrocardiographic evidence of cardiac dis- 
placement and rotation [13]. 

In an occasional young adult the symptoms 
progress to the point of serious incapacity. We 
have operated upon one woman with a history 
of progressive limitation of exercise tolerance 
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Fic. 3. Pectus excavatum. Subperichondrial resection of the deformed cartilages for the full extent 
of their deformity, transection of the xiphi sternal junction and a transverse cuneiform osteotomy 
of the sternum allow good correction of the deformity. As shown in C, if the lowest normal cartilage 
is simply transected it allows the sternal osteotomy to be performed one interspace higher, and so 
permits a more complete correction or overcorrection. Furthermore, these two chondrotomies are 
repaired with sutures, providing additional fixation for the sternum in the new position. B and B’, 
and D and D’ illustrate the fact that at times the sternum, as in B and D, is so concave that to 
correct it as described would produce an unusual prominence of the lower end of the sternum. 
This is corrected by another transverse osteotomy of the sternum at the depth of the depression, 
the lower portion of the sternum being bent downward and the osteotomy held open by inserting 
in it the chips of bone removed from the cuneiform osteotomy at the higher level, with the result 


shown in D. When th 


oncavity from above downward is not quite so marked, as in B’, a satis- 


factory result is achie ed with a single osteotomy, as in D’. 


and a persistent tachycardia, for which she 
had been treated for twelve months as a patient 
with hyperthyroidism. After operation her 
tachycardia disappeared and her exercise toler- 
ance allowed her to indulge in competitive 
swimming. We operated upon another patient 
who had had two attacks of cardiac failure, and 
presented in one of these with auricular fibrilla- 
tion. After initial treatment with digitalis and 
quinidine his thoracic deformity was corrected. 
He returned to full activity as a bus driver, has 
since taken on a truck gardening farm as a 
sideline and has been well for over ten years 
with a regular cardiac rhythm and under no 
medication [14]. There are a number of reports 
of patients who have died with dyspnea and 
cardiac failure, in whom at autopsy no abnor- 
mality could be found, except a severe pectus 
excavatum. It is discouraging to have to report 
that cardiac catheterizations and respiratory 
function tests in the mild deformities show no 
detectable abnormalities of the parameters 
commonly studied, and in the severe deformi- 
ties, show only moderate defects, usually 
merely in the lower range of acceptable normal 
values. 

The history of the operative treatment of the 
disease goes back at least to Sauerbruch’s [75] 
first operation in 1913, which, interestingly, was 


on an eighteen year old boy with dyspnea and 
intolerance for even mild exercise. Three years 
after Sauerbruch’s operation the pulse was per- 
fectly regular and the patient could work 
twelve to fourteen hours a day without diffi- 
culty. A wide variety of technical procedures 
have been developed over the years. The mod- 
ern era of the operation dates from the 1938 
review of Ochsner and DeBakey [16] and the 
1939 presentation of A. L. Brown [7]. Among 
the operations proposed are excision of the 
sternum, with its discard, excision of the 
sternum, with its replacement either trans- 
versely or backside foremost, and a wide 
variety of plastic procedures upon the sternum 
and ribs, with or without internal struts or 
external traction devices. 

My first operation was performed in January, 
1947, and the technic described then [ro] has 
been gradually modified [17] based on an 
experience of over one hundred operations. 
(Fig. 3.) At present we employ a midline in- 
cision in males, a transverse submammary 
incision in females, reflecting flaps of skin and 
pectoral muscle. The deformed cartilages thus 
laid bare are excised for the full length of their 
deformity, leaving the perichondrium intact. 
The xiphisternal articulation is divided, the 
mediastinum entered with the finger and the 
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pleura reflected to either side. The intercostal 
bundles on both sides are divided close to the 
sternum, leaving it isolated, as a peninsula, 
attached only to the manubrium above. The 
excised costal cartilage segments vary from 
5 to 7 cm. for the lowest cartilage removed to 
1 to 3. cm. for the uppermost cartilage removed. 
The third costal cartilage is not always in- 
volved, and the second costal cartilage is rarely 
involved. It is frequently a good plan merely 
to divide the apparently normal cartilage im- 
mediately above the highest one resected, so 
that the sternal osteotomy may thus be per- 
formed one interspace higher. A transverse 
cuneiform osteotomy of the sternum is per- 
formed. The sternum is bent forward and back 
at this level, until the posterior cortical lamella 
has been fractured and the sternum remains 
easily in the corrected or overcorrected position. 
It is maintained here by mattress sutures of 
heavy braided silk through the bone, supported 
by a series of interrupted sutures of silk in the 
periosteum. In those patients in whom one 
costal cartilage on either side was merely 
transected, sutures are placed through the in- 
cision in the cartilage on either side to maintain 
the new relation of the divided ends, thus 
providing a three point fixation for the sternum. 
The pectorales are re-approximated in the mid- 
line and the skin and cutaneous tissues closed 
without drainage. No external traction is 
employed. In an occasional adolescent with an 
extremely broad defect, we have believed it 
worth while to excise a rib subperiosteally and 
to employ it as a substernal strut. External 
traction was employed in our first two instances 
and abandoned thereafter. The second patient 
succumbed to an overwhelming wound infec- 
tion. We have had no other deaths nor any 
alarming complications. 

Our patients have varied in age from two 
months to forty years. We find that infants 
tolerate the operation exceedingly well, are 
out of the hospital in a week or less, and that 
the operation is substantially easier for both 
the surgeon and the patient than it would be 
some years later. It has seemed to us that the 
operative results in infants have been superior 
to those in the older children, and that operat- 
ing in infancy has provided these patients with 
their best opportunity of obtaining a normal 
thoracic configuration. In all symptomatic pa- 
tients the symptoms have been relieved. The 
cosmetic and orthopedic correction of the de- 
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fects have been satisfactory. Frank recurrence 
of the deformity has never occurred. In a few 
instances the overcorrected position achieved 
at the end of operation has not been maintained 
and, in perhaps three children, we have wished 
to re-operate. In all three the parents have been 
satisfied with the initial result and reoperation 
has not been agreed to. 

Keloids, as in other operations upon the 
chest wall of children, have been a problem. 
We have been unwilling to risk the use of 
prophylactic radiotherapy, because of the in- 
cidence of carcinoma of the thyroid following 
irradiation of the thymic area in children. A 
transverse skin incision, while no less liable to 
keloid development, places the incision out of 
view in the clothed female. It does require 
rather more dissection. 


PROTRUSION DEFORMITIES (PECTUS 
CARINATUM, PIGEON BREAST) 


Protrusion deformities are substantially less 
common than the depression deformities and 
operative experience with them is much more 
limited. As with the sternal depressions, there 
appear to be a number of varieties, and some 
association has been noted with congenital 
cardiac deformities and with the presence of 
widespread orthopedic anomalies. At least two 
predominant types of protrusion deformity 
have been recognized. 

The first of these could be called a pouter 
pigeon breast. (Fig. 4.) The manubrium and 
the upper portion of the gladiolus are rather 
remarkably thrust forward, distal to which 
there is a sharp depression in the sternum, as 
if to present a compensatory excavation. The 
sternum in these patients tends to be broad, 
and in one of ours there was actually a double 
xiphoid. We are indebted to Currarino and 
Silverman [18] for the demonstration that in 
deformities of this kind there appears to be a 
premature fusion of the sternal segments, so 
that a lateral film shows a solid bridge of bone. 
The operative attack will depend, to some 
extent, upon the specific nature of the de- 
formity. In the one patient whom we have had 
an opportunity to treat with this deformity 
[zg], a college student with bothersome runs of 
extra systoles, it seemed to us that the chief 
difficulty lay in the concavity of the lower por- 
tion of the sternum, and not in the prominence 
of the upper portion of the sternum, so that the 
costal cartilages attached to the concave por- 
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fe Fic. 4. Protrusion deformities. Pigeon breast deformities vary somewhat. In 


t the pouter pigeon breast the manubrium is thrust forward, and the major ele- 
ment of the deformity is really a posterior depression of the proximal gladiolus. 
However, the prominence of the manubrium can raise the appearance of a 
protrusion deformity. A wedge osteotomy, at the apex of the convexity of the 
sternum, allows the distal portion to be elevated, and a simple osteotomy at the 
depth of the concavity allows for realignment of what would otherwise be a 
preposterous overcorrection. This osteotomy is kept open by wedging it with 
chips of bone removed from the cuneiform osteotomy above. These sternums 
are abnormally wide, and show premature fusion of the sternal segments. In the 
% true pectus carinatum, while the sternum may actually be somewhat more 
prominent than usual, this is largely illusory and based on parallel concavities 
on either side of the sternum. Subperichondrial resection of the deformed 
cartilages and reefing sutures in the now redundant perichondrium provide 
excellent reconstruction. Nothing is done to the sternum itself unless the distal 
portion of the sternum is pulled posteriorly, as sometimes happens, in which 
case a corrective osteotomy is performed. 


tion of the sternum were excised, and the broadly arched forward, it has seemed to us 
sternal deformity corrected by two osteotomies, that the physiologic difficulties under which 
a cuneiform osteotomy above, and a linear — the patients labor result from, and the chief 
osteotomy below, held open by the wedge of constituent of the visible deformity has been a 
bone removed from the cuneiform osteotomy. depression of the costal cartilages on either 
(Fig. 4.) side of the sternum, sharply accentuating 

The commoner and more readily recognizable ‘its prominence and producing a substantial 
type of pigeon breast, or pectus carinatum, diminution in the intrathoracic space. In two 
presents as a truly keeled sternum, the nature of our four patients there has been, in addition, 
of which would perhaps be more adequately _a sharp posterior angulation of the distal por- 
conveyed by the term “chicken breast.” Again, tion of the sternum. A number of operations, 
in these patients, although the sternum is those of Chin [20], Brodkin [27] and Lester [22], 
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have been devoted, with various degrees of 
ingenuity, to minimizing the protrusion of the 
sternum. This seems to us to be a conceptual 
error. The physiologic problem is certainly one 
of decreased intrathoracic volume, caused by 
the concavities on either side, and the cosmetic 
problem has proved to be very satisfactorily 
resolved by elevating these depressed cartilage 
segments. My first such procedure was per- 
formed in 1955 [23]. Howard [24] has reported a 
similar approach. 

Exposure is gained by a curved or transverse 
incision bowed upward in the midline. The 
pectorales are reflected back on either side from 
the midline, and the recti detached and re- 
flected downward. This permits a remarkable 
exposure of as much of the anterior thoracic 
wall as one wishes. The involved cartilages are 
excised subperichondrially and, as each is re- 
moved, its perichondrium and the adjacent 
intercostal muscles are seen to be lifted forward 
by the lung and pleura. Three or four costal 
cartilages will be found to be involved on either 
side and in two or three of these it will be found 
that the deformity runs beyond the costo- 
chondral junction, so that a portion of the bony 
rib is removed as well. The perichondrial bed, 
now lifted forward, and no longer running the 
substantially longer course of the depressed 
cartilage, is redundant. This redundancy is cor- 
rected by a series of reefing sutures, stretching 
the perichondrium tautly between the sternum 
and the lateral stump of the rib or cartilage, 
still further correcting the deformity. (Fig. 4.) 
In those instances in which the distal portion 
of the sternum is angulated posteriorly, this 
additional deformity has been corrected by ap- 
propriate cuneiform osteotomy and resuture. 


SUMMARY 


Congenital deformities of the chest may have 
serious physiologic consequences, quite apart 
from the undesirable visible orthopedic and 
cosmetic deformities. 

The defects of sternal fusion are best cor- 
rected as soon after birth as the patient is 
seen and, in those instances in which there 
are associated defects, these are corrected 
simultaneously. 

A wide range of anomalies involving the ribs 
and cartilages with or without absence of the 
overlying musculature lead to striking deformi- 
ties which are progressive, if not corrected. 
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Osteoplastic repairs have been more satisfac- 
tory than prosthetic replacements. 

Pectus excavatum is the deformity in which 
there is the greatest surgical experience. Satis- 
factory correction can be achieved by sub- 
perichondrial resection of the involved chondral 
segments and a corrective osteotomy of the 
sternum. We do not use external traction and 
very infrequently employ internal struts. The 
operation is best undertaken in infancy, when- 
ever a severe or progressive defect is seen. In 
older children we operate on all with severe 
deformities in the absence of complicating 
disease. In adults we operate only on those 
patients who are symptomatic. 

Protrusion deformities seem to be sympto- 
matic, largely by virtue of associated con- 
cavities of portions of the sternum, costal 
cartilages and ribs. Operations directed at the 
correction of the concavities yield gratifying 
results. 
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Omphalocele 


GeorceE W. Hotcoms, Jr., M.p., Nashville, Tennessee 


From Department of Surgery, Vanderbilt University 
School of Medicine, Nasbville, Tennessee. 

HE eventration of part or all of the ab- 

dominal viscera at the base of the umbilical 
cord is generally known as an omphalocele. 
This congenital defect also has been designated 
by many other terms such as “amniotic her- 
nia,” “‘exomphalos,” “‘amniocele,”’ “umbilical 
eventration” and “hernia into the umbilical 
cord.” Omphalocele is an all inclusive term 
and is preferred for anomalies of this type. In 
an omphalocele the abdominal viscera usually 
are covered by a thin transparent or translucent 
membrane consisting of peritoneum internally 
and amniotic membrane externally. This avas- 
cular membrane is only about 1 mm. in thick- 
ness. It is not covered by skin and therefore 
is easily distinguished from an umbilical hernia. 
An omphalocele usually is found in the umbili- 
cal region but sometimes it extends to the 
bladder or to the xiphoid process. 


EMBRYOLOGY 


Margulies [1] suggests that mesodermal 
structures in the transverse septum fail to 
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Fic. 1. Drawing of a 17 mm. human embryo (from 
Keibel and Mall [2]). If this stage of normal develop- 
ment persists it will result in an omphalocele at birth. 
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develop properly in the third week of fetal life 
and result in the formation of an omphalocele. 
This theory satisfactorily explains the ab- 
dominal wall defect above the umbilicus as well 
as the diaphragmatic and pericardial agenesis 
associated with ectopia cordis which on rare 
occasions is found with an omphalocele. How- 
ever, it is not applicable to those babies born 
with an omphalocele which extends to the 
bladder with the defect primarily below the 
umbilicus. 

Keibel and Mall [2] believe that an omphalo- 
cele resembles the state of the umbilical region 
in embryos from the sixth until the end of the 
ninth week of fetal life. During that time the 
midgut lies outside the wall of the abdominal 
cavity and within the umbilical sac. (Fig. 1.) 
They state that enlargement of the fetal liver 
is so rapid that due to lack of sufficient space 
within the coelomic cavity the intestines are 
forced into the base of the umbilical cord and 
for some reason remain there to form an 
omphalocele. 

The simplest and perhaps the most reasona- 
ble explanation is that an omphalocele results 
from persistence of a fetal stage because of 
retardation in development of both abdominal 
wall and the peritoneal cavity. There is little 
evidence in the literature to suggest that 
omphalocele is hereditary except for Benson, 
Penberthy and Hill [3] who reported one 
brother and sister with this condition. The 
incidence of omphalocele is reported by Kies- 
wetter [4] to be about one in 10,000 births and 
by Benson et al. [3] as one in 6,000 births. 

The omphalocele sac may be intact or it may 
rupture at the time of delivery or sometime 
prior to birth. When intact, this transparent 
covering is tissue paper thin. The dome-shaped 
membrane has no visible blood supply and 
extends over the viscera to the base of the 
omphalocele. Usually the membrane is con- 
tinuous here with the abdominal skin. Skin 
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Fic. 2. A, four hour old baby transferred from another hospital with membrane 
intact. Note the large liver occupies 80 per cent of the omphalocele sac. This 
precludes any hope of closing this defect except with a single layer of skin. 
B, same baby four months later. He developed a midgut volvulus from lack 
of mesenteric attachment necessitating a second surgical procedure. It was 
surprising that the subcutaneous fat which was placed in contact with the vis- 
cera at the initial operation had regenerated into a smooth glistening surface 
resembling normal peritoneum. The liver lies in a pocket anterior to the rib 
cage because skin flaps were dissected over the ribs at the initial operation. 
This was necessary for closure in spite of known objections. 


may extend for a short distance over the 
omphalocele but seldom more than 1 or 2 cm. 
Liver, stomach and other abdominal viscera 
are visible through the thin membrane of large 
omphaloceles. (Fig. 2.) The smaller sacs contain 
only a few loops of intestine. The stump of the 
cord is attached to the apex of the bulging 
deformity. Umbilical arteries are seen coursing 
over the inferior portion of the sac while the 
umbilical vein is noted at the superior pole. 
When viewed from the side, the lower thoracic 
cage obviously has failed to develop its normal 
growth. The decreased anteroposterior diame- 
ter of the thorax is more noticeable in large 
omphaloceles where the liver bulges into the 
sac. (Fig. 3.) In such instances the costal mar- 
gin is not elevated by the liver as it enlarges 
during fetal development. Jaundice is seldom 
noted when there is hepatic displacement. 

The diameter of the sac may vary from 3 to 
15 cm. According to Gross [5], the prognosis is 
related to the size of the omphalocele. He re- 
ported that patients with a sac less than 7 cm. 
in diameter have a 75 per cent chance of sur- 
vival following corrective surgery. When the 
sac is 7 to 9 cm. in diameter, the survival rate 


falls to 30 per cent and this is reduced to 15 per 
cent when they are larger than 9 cm. Displace- 
ment of the intestine does not alter peristalsis 
and produces no apparent discomfort. These 
babies are in no respiratory distress as the 
omphalocele seems to offer a compensatory 
decompression. 


OTHER CONGENITAL ANOMALIES 


The frequent association of an omphalocele 
with other congenital anomalies is well recog- 
nized. Whittlesey and Deboer [6] reported that 
78 per cent of their patients had a second sig- 
nificant anomaly. Gross and Blodgett [7] re- 
ported associated anomalies in 50 per cent of 
their patients. Gross [5] discovered 28 per cent 
of his patients had incomplete rotation of the 
colon which required correction at the time of 
omphalocele repair or thereafter. The high 
incidence of incomplete rotation associated 
with umbilical closure defects is easily under- 
standable since these two processes develop 
concurrently in the fetus. 

The omphalocele may extend to the xiphoid 
process and be associated with ectopia cordis. 
This possibly results from a defect in the sep- 
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Fic. 3. A, photograph of a large omphalocele imme- 
diately following skin closure. It was not necessary to 
dissect skin over the thorax to approximate these wound 
edges. Consequently a portion of the liver is properly 
located beneath the costal margin. B, same baby 
eighteen months later. Note the “watermelon belly” 
configuration of the abdomen and the decreased antero- 
posterior diameter of the thorax. 


tum transversum which causes a persistent 
hiatus in the central portion of the diaphragm. 
As a result the heart is displaced into the 
omphalocele and is clearly visible at birth 
through the semi-transparent membrane. (Fig. 
4.) Immediate surgery is necessary to cor- 
rect this deformity. The heart should be 
replaced within the mediastinum carefully 
avoiding any traction or torsion of the major 
vessels. The diaphragmatic defect is closed 


Fic. 4. A newborn boy with an omphalocele combined 
with ectopia cordis. Notice the heart which is outlined 
by arrows is clearly visible through the transparent 
membrane. The bulging area beneath the umbilical 
stalk is due to stomach and intestine protruding into the 
omphalocele. 


with several interrupted sutures and the om- 
phalocele repaired. This should be successful 
except in those instances in which uncorrectable 
cardiac defects exist. 

Omphalocele also is associated with extrophy 
of the bladder and imperforate anus with the 
major portion of the defect extending below 
the umbilicus. A colostomy should be estab- 
lished and the omphalocele repaired. The ex- 
trophy can be corrected at a later date. Unfor- 
tunately, most of these babies do not survive 
the surgical ordeal. 


TREATMENT 


The omphalocele sac usually remains intact 
for the first twelve to twenty-four hours if it is 
kept moist. Thereafter, because of the avascular 
nature of the membrane, it frequently ruptures 
and evisceration occurs. Even if the sac remains 
intact, bacteria will penetrate the dry covering 
within a few days and peritonitis often follows. 
For these reasons it is vitally necessary for 
surgical correction to be accomplished within a 
few hours after delivery. Conservative manage- 
ment is indicated only for infants with massive 
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omphaloceles: who also have severe congenital 
heart disease. For such patients Grob [8] sug- 
gests painting the sac with 2 per cent mercuro- 
chrome daily for three days to produce a 
shrinking eschar which forces the viscera into 
the abdominal cavity. It is possible that the 
mercurochrome serves only as a deterrant to 
Bacillus pyocyaneus overgrowth. Although this 
process is slow and requires as long as two or 
three months for completion, Swenson [11] 
reports it has been successful in some instances. 
Gross [5] has reported that such conservative 
treatment may be followed by peritonitis or 
evisceration and death. Certainly any non- 
operative treatment in an otherwise healthy 
infant is unjustified if there is any reasonable 
chance for some type of abdominal closure to 
be accomplished. 

Early operation is easier to accomplish tech- 
nically because of absence of extreme distention 
of the stomach and intestines. In addition, 
O’Leary and Climer [9] emphasize that mortal- 
ity is less. After reviewing the literature, they 
reported a mortality rate of 21 per cent if surgi- 
cal correction is accomplished within twelve 
hours of birth. This mortality rate increased 
to 44 per cent when surgery was delayed for 
twenty-four hours and to 61 per cent after this 
time. Kahle [zo] reports nine survivors of 
twenty-one patients and all but one who lived 
were repaired within seven hours of birth. The 
over-all mortality of 34 per cent as reported by 
Gross [5] for the decade prior to 1950 indicates 
the severity of this congenital anomaly. 

Preoperative Management. Nasogastric suc- 
tion should be instituted immediately after 
birth to prevent further distention from swal- 
lowed air while awaiting preparation of the op- 
erating room. It is not necessary to administer 
intravenous fluids or blood before surgery. The 
sac should be kept moist with saline or aqueous 
zepharin-soaked sponges which prevent desicca- 
tion and rupture. Unnecessary nursing care and 
cleansing should be discouraged, otherwise per- 
foration of an intact membrane may occur. 
Hykinone,® 2.5 mg., is given intramuscularly 
before surgery and thereafter for three days 
to prevent hypoprothrombinemia. 

One Stage Repair. Regardless of the size of 
the bulging omphalocele, if the fascial defect is 
only 3 to 5 cm. in diameter and the liver is not 
visible through the membrane, an anatomic 
closure is possible as a one stage procedure. 
Essentially, this consists of incising a narrow 


rim of skin adjacent to the sac being careful to 
ligate the umbilical vein and arteries. The sac is 
removed and any adhesions to the liver or in- 
testines are severed. A search is made for other 
anomalies such as incomplete rotation or 
atresia of the bowel and corrected if found. The 
intestines are replaced within the abdominal 
cavity. The peritoneum and posterior rectus 
fascia are closed simultaneously with con- 
tinuous No. 3-0 chromic gut. The anterior 
rectus fascia and muscles are mobilized as 
much as possible and approximated without 
tension using No. 3-0 or No. 4-0 silk sutures. 
The skin is closed with No. 5-0 silk mattress 
sutures. 

Two Stage Repair. Sometimes the size of 
the defect is deceiving and the surgeon is sur- 
prised at the operating table to discover that a 
primary layered closure cannot be accom- 
plished. In such instances and when dealing 
with large omphaloceles a two stage closure is 
necessary. It is important for the surgeon to 
exercise considerable restraint and accept the 
two stage procedure without the slightest feel- 
ing of defeatism. When a layered closure is 
accomplished after prolonged effort by forcing 
the viscera inside the peritoneal cavity and 
approximating the wound under tension, the 
following will occur: (1) Displacement of the 
diaphragm upward resulting in respiratory dis- 
tress. (2) Pressure on the inferior vena cava 
producing multiple hemorrhages from the intes- 
tinal tract. (3) Death, usually occurring within 
twenty-four to thirty-six hours. 

Gross [5] solved this problem by advocating 
wide lateral mobilization of the abdominal 
skin followed by approximation of the wound 
edges over the omphalocele membrane thus 
avoiding unnecessary handling of the intestines. 
He makes no effort to excise the sac or to ap- 
proximate the fascia and peritoneum when 
dealing with large omphaloceles. It is his belief 
that preservation of the sac in this instance 
allows the intestines to retain a smooth mem- 
branous covering which resembles peritoneum. 
Since the intestines are not palpated or touched 
by instruments or gauze, there is less likelihood 
of obstruction developing at a later date from 
adhesions. Two distinct advantages are gained 
from this procedure. First, the viscera and 
peritoneal cavity are protected from bacterial 
invasion and second, the intra-abdominal pres- 
sure is not increased sufficiently to interfere 
with normal respiratory and cardiovascular 
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INCISION THROUGH 
SKIN ONLY 


Fic. 5. Drawings to illustrate various features of the 
difficult repair of large omphaloceles. A, the liver occu- 
pies a major portion of this sac and intestines are 
clearly visible through the thin intact membrane. The 
incision is made through the skin carefully to avoid 
injury to the bowel. The umbilical arteries and umbili- 
cal vein are ligated. Adhesions to the liver are severed 
and the sac with attached rim of skin are discarded. 
Careful search is made for incomplete rotation and 
other anomalies which are corrected. 


Fic. 5. C, skin is closed using fine retention wire 
sutures interspersed with nylon which must remain in 
place longer than usual. These produce less tissue reac- 
tion than silk or cotton. 


physiology. Although an abnormal “hump” or 
“‘watermelon belly” (Fig. 3) is created by this 
maneuver, it is compatible with life and fre- 
quently an anatomic closure can be accom- 
plished later. 

In spite of these advantages, there are several 
objections to leaving the omphalocele sac with 
the attached skin edge in place and burying 
this beneath the skin flaps, namely: (1) It is 
conceivable that the membrane may contain 
bacteria which cannot be killed during prepara- 
tion with antiseptic solutions. Extensive wound 
infection and death may follow as observed by 
Kahle [zo]. (2) Burying a long strip of full-thick- 
ness skin and membrane is not appealing par- 
ticularly since it has an inadequate blood supply 
and possibly becomes necrotic. (3) The 34 to 50 


Fic. 5. B, every effort must be made to approximate the 
rectus muscles, fascia and peritoneum near the xiphoid 
and pubic bones. This step is very important. The 
rectus muscles and fascia should be held nearer the mid- 
line where they will be stretched in this position as the 
baby grows rather than being displaced Iaterally. 


per cent incidence of associated anomalies indi- 
cates the need for thorough exploration and cor- 
rection of an incomplete rotation or atresia at 
the initial operation. This is preferable to closure 
without exploration which invites considerable 
confusion in the early postoperative period 
when abdominal distention and vomiting ap- 
pear. Under such circumstances the surgeon is 
not certain whether these symptoms are the 
result of prolonged ileus, fibrinous adhesions or 
mechanical obstruction from an overlooked 
congenital anomaly. 

In two instances I have excised the entire sac 
and approximated skin with subcutaneous fat 
in direct contact with intestines and abdominal 
viscera. Neither patient developed adhesions 
to the under surface of the abdominal wall. At 
the time of secondary exploration each patient 
had developed a smooth glistening surface 
where subcutaneous fat was previously noted. 
This tissue had all gross characteristics of 
peritoneum. In one instance the smooth lining 
regenerated within four months. (Fig. 2:) 

When faced with the task of repairing a large 
omphalocele, it is difficult to decide whether to 
follow the procedure outlined by Gross [5] or 
whether the sac and rim of skin should be ex- 


Holcomb 

— (3 

LAS 

| 

602 


cised and a search made for other anomalies 
before performing a skin closure. This is a 
matter of judgment. When the surgeon believes 
an exploration can be performed and afterward 
the skin edges approximated, the latter method 
is preferred. However, while the infant is anes- 
thetized if the surgeon gets the impression that 
the skin edges will just barely come together, 
the membrane should be left intact and the 
abdominal skin closed over it. Certainly there 
are instances in which this appears to be the 
only method of closing the largest defects in 
spite of the disadvantages. 

A few precautions must be followed if pa- 
tients with large omphaloceles are to be man- 
aged successfully: (1) The surgeon should not 
carry the dissection over the thorax any more 
than is necessary to obtain a skin closure. 
Otherwise, the liver might become dislocated 
into this pocket anterior to the rib cage. This 
will prevent normal development of the lower 
thoracic wall. Actually the costal margin may 
be pushed posteriorly to such an extent that 
the subphrenic space is obliterated. (2) Lateral 
deviation of the rectus muscles and fascia 
should be prevented. For this reason, the rectus 
muscle should not be transected even if it 
appears that this maneuver might allow easier 
skin closure in an extremely large omphalocele. 
(3) Each rectus muscle and the fascia margins 
should be approximated with as many sutures 
as possible near the xiphoid process and pubic 
bone as suggested by Whittlesey and Deboer 
[6]. This technic anchors the muscles and fascia 
in a more medial location. As the child’s ab- 
dominal cavity enlarges, the muscles and fascia 
will be stretched anteriorly in this medial loca- 
tion rather than being displaced laterally. This 
permits easier closure of the abdominal wall at 
the second stage procedure. Various steps of 
the repair of large omphaloceles are shown in 
Fig. 5. 

It is important to delay secondary repair 
until the peritoneal cavity enlarges sufficiently 
to contain the viscera without being. crowded 
when the abdominal muscles and fascia are 
pulled together manually. The time interval 
between the first and second stages may be as 
short as three months or as long as six years. If 
there is any uncertainty about the success of 
this surgical procedure, it should be delayed. 
There is no danger in delaying the secondary 
repair provided a portion of the rectus fascia 
was approximated at the initial operation. If 
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this was not possible, another attempt should 
be made to do this within six weeks even 
though a third procedure is required to com- 
plete the correction of the deformity. 


RUPTURE OF THE OMPHALOCELE SAC 


Perforation of the membrane may occur 
several weeks or days prior to birth or at 
delivery. A more favorable prognosis follows 
rupture of the sac during delivery because the 
intestinal loops are free of adhesions. Varying 
amounts of fibrin are deposited on the intes- 
tinal surfaces when evisceration occurs in utero. 
Often it is possible to separate these loops of 
intestine when the adhesive covering is thin. 
This may be so extensive that one sees only a 
firm indurated ball composed of intestinal loops 
which cannot be separated without producing 
multiple rents. Every effort should be made to 
repair the anomaly even when evisceration has 
occurred and the bowel is matted together by a 
thick layer of fibrin. It is unwise to attempt 
mobilization of the intestines when gentle trac- 
tion and dissection fails to separate them. The 
entire mass of adherent intestines can be re- 
turned to the abdominal cavity and a layered or 
at least a skin closure accomplished. Sometimes 
it is tempting to reduce the distention of the 
bowel by aspirating its contents with a large 
needle or catheter. This may facilitate abdomi- 
nal closure when the sac is intact. However, 
aspiration should be avoided when evisceration 
occurred in utero because the bowel wall is 
thickened and indurated to such a degree that 
satisfactory closure of the puncture site is im- 
possible. Also, Meckel’s diverticulectomy and 
appendectomy should be avoided for the same 
reason. 

Postoperatively, the fibrin may soften within 
a week and allow peristalsis to proceed nor- 
mally. In other instances the fibrinous covering 
does not soften spontaneously following repair 
of the omphalocele and it is necessary for these 
intestinal loops to be separated at surgery. It 
is unwise to delay secondary laparotomy and 
lysis of adhesions beyond twelve to fourteen 
days if active peristalsis has not occurred by 
that time. 

Postoperative Management. Following sur- 
gery, newborn infants are cold and should be 
placed in a warm Isolette until their body tem- 
perature stabilizes. It is not necessary to give a 
blood transfusion during the operation except 
on rare occasions when extensive dissection is 
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performed. However, it is important to adminis- 
ter intravenous fluids cautiously after surgery 
until oral feedings can be offered. This may be 
four or five days with the primary closures. 
Active peristalsis may not occur for a week or 
longer when only skin is approximated. During 
this time gastric suction should be continued. 
This is particularly important when a single 
layer skin closure is tight and dehiscence is 
feared. Appropriate antibiotics will be helpful 
in preventing wound infection and peritonitis. 


SUMMARY 


Omphaloceles vary from several centimeters 
to 15 cm. in diameter. The thin membrane may 
be intact or ruptured when the surgeon sees the 
baby. Immediate surgery is advised. An ana- 
tomic closure can be accomplished with the 
smaller defects. Only skin closure and partial 
approximation of the rectus muscles and fascia 
should be accomplished if there is the slightest 
suggestion that the liver and intestines will be 
compressed by suturing the wound in layers. 
The frequency of associated anomalies is well 
established and when possible they should be 
corrected at the initial operation. Even under 
ideal circumstances the mortality rate is about 
35 per cent. 

Usually the outcome will be successful if 
the following conditions exist: (1) The surgeon 
is experienced in handling pediatric surgical 
problems including complete preoperative and 
postoperative care. (2) The diameter of the 
omphalocele is not too great and the liver does 
not extend very far into the sac. (3) The time 
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interval from birth to surgery is only a few 
hours. (4) The sac is intact when the infant 
reaches the operating room. (5) There are no 
serious cardiac or other congenital anomalies 
which cannot be corrected. (6) The birth 
weight is five pounds or more. 
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Congenital Hypertrophic Pyloric Stenosis 
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YLORIC stenosis is one of the more common 

surgical problems of infancy. Fifty years ago 
an infant with this condition faced an over-all 
mortality of approximately 50 per cent [r], 
whereas today in most institutions the outlook 
for a baby with pyloric stenosis is extremely 
bright in about 99 per cent of such cases. 

Pathology. The gross pathologic changes in 
a typical case of pyloric stenosis consist of 
hypertrophy of the pyloric muscle to such an 
extent that the underlying pyloric canal is 
compressed and gastric emptying is impeded. 
As time goes by the pylorus may assume the 
size and shape of an olive which can be felt 
easily through the abdominal wall. Micro- 
scopically, one sees an increase in both size and 
number of the smooth muscle strands normally 
present at the pylorus. There are no changes in 
nerve elements to support the theory that 
hypertrophic pyloric stenosis may be akin to 
congenital megacolon or to that type of acha- 
lasia of the esophagus in which the myenteric 
plexus is deficient. 

The cause of these changes is not known. 
Overactivity of the autonomic nervous system 
with resultant pylorospasm has been postu- 
lated to be a precursor of pyloric stenosis, but 
there is little clinical evidence to support that 
contention. If that concept were valid, one 
might well expect an increased incidence of 
peptic ulceration in such individuals later in 
life, but that is not the case. Long term fol- 
low-up study by Ferguson and Jewett [2] on a 
group of fifty-six patients operated upon in 
infancy in The Children’s Hospital, Boston, 
failed to disclose an increased incidence of the 
ulcer diathesis. These patients ranged from 
twenty-four to thirty-two years of age, and of 
the fifty-six there was only one with a definite 


peptic ulcer and two with symptoms suggestive 
of peptic ulcer. None of these three patients 
had any immediate relatives with known ulcer 
disease. This incidence of three in fifty-six 
compares favorably with previously recorded 
figures concerning the occurrence of peptic 
ulcer in the population at large [3]. 

Clinical Picture. About 80 per cent of in- 
fants presenting with hypertrophic pyloric 
stenosis are males, and the reason for this sex 
predisposition is not known. It is of further 
interest that there may be a family history of 
this condition in a sibling, and occasionally one 
encounters a parent who was operated upon for 
this entity as an infant a generation before. 

Vomiting is the cardinal sign of trouble in 
most cases and the onset may be variable. Dur- 
ing the latest period of review, 1953 to 1959, the 
average age of admission to this institution is 
five and two-tenth weeks with a duration of 
symptoms of fifteen and three-tenth days. We 
have encountered vomiting from pyloric steno- 
sis in the newborn period, requiring operation 
in the first few days of life; however, that is 
rare. In a typical case the child will begin to 
spit up small amounts of formula immediately 
after feeding although continuing to gain weight 
at first. Later as the pylorus becomes increas- 
ingly obstructed, the vomiting becomes more 
frequent and more forceful, as hypertrophy of 
the gastric wall occurs to compensate for the 
increasing degree of obstruction at the outlet 
of the stomach. Finally, as the clinical picture 
becomes fully established, vomiting occurs fol- 
lowing most feedings and in a forceful, projec- 
tile manner. These infants may literally vomit 
in a geyser which shoots out for a distance of 
two or three feet. An important feature of this 
vomitus is that it never contains bile, and thus 
one should straightaway determine by history 
whether the vomitus is clear, the color of 
recently ingested formula, or whether it is 
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yellow or green. If the vomitus contains bile, 
one can categorically dismiss the entity of 
pyloric stenosis, and will be better rewarded 
to search for another type of mechanical bowel 
obstruction. After days or weeks of vomiting 
considerable gastritis may occur so that there 
may be brown discoloration of the vomitus due 
to the presence of blood. In rare instances con- 
siderable blocd may be thus lost by the infant 
leading to anemia. Weight loss, dehydration 
and ketosis are the inevitable result of pro- 
longed vomiting, and in some cases the infant 
may present with an extreme degree of nutri- 
tional depletion. 

The diagnosis of pyloric stenosis is not diffi- 
cult in most cases and can be made in over 
go per cent of the time by history and physical 
examination alone. Thus a history of an infant, 
usually a male, who begins to vomit with in- 
creasing frequency, amount and force, to the 
point at which weight loss occurs and the 
vomitus contains no bile, should make one 
extremely suspicious of pyloric stenosis. On 
physical examination in addition to some degree 
of dehydration, as well as evidence of weight 
loss, one may see distention by air and fluid of 
the upper part of the abdomen. Gastric peristal- 
tic waves are frequently present, coursing from 
left to right, as the obstructed stomach tries 
to force the contents through the obstructed 
pylorus. By carefully and gently palpating the 
right upper portion of the abdomen one can 
feel the thickened pylorus as a small olive- 
shaped tumor in the right upper quadrant in 
about 95 per cent of the cases. There are several 
points worthy of emphasis in learning to palpate 
“the tumor.”’ First, it is useless to try to pal- 
pate the abdomen of an infant who is crying, 
for this makes the examiner press hard to over- 
come abdominal wall rigidity, which in turn 
causes the infant to cry even more, and so one 
should discontinue examination as long as the 
infant is crying. The crying infant can fre- 
quently be pacified by giving him a sugar nipple 
to suck, and it is a further help to lift the in- 
fant’s feet upward to about 45 degrees so as to 
relax all tension on the rectus abdominis mus- 
culature. If the examiner stands to the left of 
the infant, placing the examining finger trans- 
versely in the infant’s right upper quadrant, 
gently rolling the pad of the examining finger 
upward and downward as the infant is relaxed, 
the tumor will be felt to roll beneath one’s 
finger. The tumor is usually located about half 


way between the umbilicus and the xiphoid 
and just a short distance to the, right of the 
midline. Occasionally the tumor will be felt 
exactly in the midline and, rarely, it may be felt 
just a little to the left of the midline. If the 
infant has a full stomach, the gastric antrum 
may overlie the pylorus in such a manner as to 
make palpation difficult; and it is a very useful 
maneuver to induce vomiting by passing a 
No. 12 F. rubber catheter down the infant’s 
esophagus, aspirating the stomach and usually 
inducing vomiting simultaneously. Just after 
the infant vomits either spontaneously or by 
inducement, there is a period of profound re- 
laxation for about thirty seconds, which is the 
golden opportunity for palpating the tumor. 
We believe that no infant should be operated 
upon if a tumor is not palpable. 

X-ray Examination. X-ray examination is 
not necessary in the vast majority of cases; 
but if one cannot feel a “tumor,” an upper 
gastrointestinal series is certainly desirable. 
The radiologist will note in a ty pical case the 
following features: (1) increased size and delay 
in emptying of the stomach; (2) hyperperistal- 
sis and (3) narrowing of the pyloric canal, the 
so-called “string sign.” 

There is an occasional instance in which one 
suspects pyloric stenosis but cannot feel a 
tumor and the gastrointestinal series is equivo- 
cal; but as another week or ten days pass a 
palpable tumor develops and the typical x-ray 
findings are also present. 

Differential Diagnosis. There are several 
conditions which may cause vomiting in early 
infancy which are well to bear in mind. First, 
in any infant with vomiting, one must always 
consider the possibility of intracranial disease; 
but if the fontanel does not bulge, there is no 
history of birth injury and no lethargy asso- 
ciated with the vomiting, this is not likely to 
be the cause of the infant’s difficulty. 

Other obstructing lesions of the gastrointes- 
tinal tract must be considered and can usually 
be ruled out by history. Thus an infant with 
congenital stenosis of the esophagus is more 
apt to have difficulty during feeding, rather 
than vomiting immediately following a meal. 
Obstructions at lower levels of the gastrointes- 
tinal tract, such as malrotation, annular pan- 
creas, etc., are likely to show bile in the vomitus. 
There are several entities in which the radiolo- 
gist must provide the differential diagnosis. 
The most common of these is antral spasm in 
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which radiographically there is spasm of the 
prepyloric region, often with delayed emptying 
of the stomach but unassociated with narrowing 
of the pyloric canal itself. In such infants the 
history is usually less impressive than in cases 
of pyloric stenosis, in that the vomiting is not 
is forceful, is irregular in occurrence and is not 
associated with weight loss in most cases. 

Chalasia, or relaxation of the cardioeso- 
phageal segment, with reflux of feedings up into 
the lower esophagus may simulate early py- 
loric stenosis, and radiographically is character- 
istic in appearance, for as the radiologist presses 
upon the stomach, barium can be seen to reflux 
freely up the esophagus. 

Treatment. Categorically, we believe that 
the treatment of choice for a bona fide case of 
pyloric stenosis is pyloromyotomy. There is a 
tendency in some European countries [4] to 
treat all such infants initially with antispas- 
modics, reserving operation for those in whom 
conservative measures fail. We do not sub- 
scribe to that, believing that early surgery, 
properly performed, gives an eminently satis- 
factory result in nearly all cases. Although there 
are undoubtedly some patients in whom con- 
servative measures may work, those infants in 
whom such measures fail by virtue of delay 
are more depleted and consequently poorer 
operative risks, which may well increase the 
over-all mortality in the long run. 

Pyloric stenosis is by no means a surgical 
emergency, and no infant should ever be 
operated upon until an attempt has been made 
to get the infant in the best possible condition 
preoperatively. Most such infants, because of 
prolonged vomiting, require intravenous fluids 
to correct dehydration and ketosis. It is not 
necessary to obtain multiple serum electrolyte 
levels in such infants, because one can predict 
with a high degree of accuracy that an infant 
with prolonged vomiting of this sort will dis- 
play hypochloremic alkalosis, the treatment for 
which is salt and water. We favor replacing the 
losses of such an infant with a solution of half 
strength normal saline, in 10 per cent glucose 
solution, to which is added potassium chlo- 
ride in an amount of approximately 40 to 60 
mEq./L. of solution. Thus, the infant is given 
almost equal amounts of sodium and potassium, 
with a relative excess of chloride, which has 
usually been selectively lost to a greater extent 
than the other ions, plus freely available water 
and calories as well. The maintenance require- 
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ment for an infant of this age is approximately 
30 to 40 cc. of intravenous fluid per pound of 
body weight per day, and so in restoring the 
hydration of a depleted infant, one would give 
in a twenty-four hour period approximately 
two to two and a half times that calculated 
amount. One may start hydration with this 
replacement solution by giving 15 cc. per 
pound of body weight in a period of fifteen to 
twenty minutes, and then continuing at a rate 
sufficient to give 60 to go cc. per pound during 
the next twenty-four hours. If the infant is ex- 
ceedingly depleted, to the point of being mori- 
bund, we frequently precede this fluid regimen 
with plasma, in an amount equal to approxi- 
mately 10 cc. per pound of body weight. To 
guide therapy, one may note tissue turgor, the 
frequency of urination of the infant, the degree 
of depression of the anterior fontanel, the 
degree of filling of the visible scalp veins, 
whether the mucous membranes are moist and 
the general degree of activity of the infant. In 
some cases anemia is present and this may 
indicate a need for blood transfusion, in 
amounts of approximately 10 to 15 cc. per 
pound of body weight per day. 

If the infant is extremely depleted, with evi- 
dence of gastritis, as shown by “‘coffee ground” 
vomitus, it is best to rest the gastrointestinal 
tract entirely, depending completely on par- 
enteral fluid therapy preoperatively. If, on the 
other hand, the infant is only moderately de- 
hydrated, it is our practice to continue feedings 
preoperatively of small amounts of alternately 
dextrose in water and dextrose in saline solution 
by mouth in addition to parenteral fluid. 

In the usual case of pyloric stenosis, the in- 
fant will be adequately prepared the day fol- 
lowing admission to the hospital, and operation 
may be carried out at that time. If the infant 
is still dehydrated, ketotic, or otherwise weak 
and inactive in appearance, a longer period of 
preparation should be carried out. 

Preoperative medication for these infants 
need be nothing but a small amount of atropine, 
0.06 to 0.1 mg. administered subcutaneously 
approximately thirty minutes before operation. 

It is well to empty the stomach of such an 
infant immediately prior to anesthesia, by 
passing a No. 10 or 12 F. rubber catheter into 
the stomach, aspirating the contained fluid and 
air. 

It is notoriously difficult to induce anes- 
thesia in these infants, and one should expect 
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a certain amount of breath holding and resist- 
tance to induction. The surgeon should not 
hurry the anesthetist, for it usually takes some 
fifteen to twenty minutes to bring such an 
infant down into adequate surgical anesthesia. 
We use Vinethene® ether for induction and 
diethyl ether for maintenance by the open-drop 
technic, in the vast majority of these babies. 
Cyclopropane gas is used in those infants in 
whom some degree of aspiration pneumonitis is 
present or for those infants who are thought to 
be rather poor surgical risks for reasons of pre- 
maturity, extreme depletion or the like. 

Operative Procedure. The operative proce- 
dure is carried out through a small right upper 
quadrant, subcostal, muscle splitting incision, 
as described by Robertson [5]. It is convenient 
to have the right side of the infant propped 
up slightly to make this field more accessi- 
ble. After splitting the three muscle layers in 
the direction of their fibers, and opening the 
peritoneum, the liver is retracted upward 
gently bringing into view the antrum of the 
stomach. The hepatic flexure of the colon may 
have a tendency to herniate through the wound, 
and may be tucked gently down below with the 
corner of a sponge. As one picks up the antrum 
of the stomach, drawing it gently from the 
wound, the pyloric “tumor” may then be 
delivered. This may, in some cases, be a trouble- 
some part of the procedure, if it is a particu- 
larly large “tumor,” but eventually it can 
always be delivered. The “tumor” is usually 
pale, grey-white, gristly material, and is usu- 
ally relatively avascular along its antero- 
superior margin. 

One incises gently the serosa overlying the 
tumor, being particularly careful not to incise 
too deeply at the distal end of the pyloric canal, 
where the duodenal mucosa abruptly comes 
very close to the surface. After incising the 
serosa, the underlying hypertrophic muscular 
ring may then be split bluntly with the knife 
handle right down to the underlying mucosa 
which when thus liberated will pout out im- 
pressively. In a less advanced case, of shorter 
duration, in which the muscle ring may be only 
2 or 3 mm. in thickness, it may not split at all 
well, and one may have to incise the muscle 
fibers alternately bluntly spreading them, in 
order to achieve satisfactory liberation of the 
underlying mucosa. It is very tempting to get 
every last muscle strand out; and if one persists 
with such efforts at the distal end of the pyloric 
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canal, one will frequently penetrate the duo- 
denal mucosa. This does not present any prob- 
lem, if recognized, for one can simply close 
such a perforation with a single fine arterial 
silk suture, inverting the mucosal edges, and 
further laying over this a small piece of adjacent 
omentum. One should always look for a per- 
foration of the duodenal mucosa after pyloro- 
myotomy, by milking the stomach downward 
through the pyloric canal; and if perforation is 
present, it should be closed and nasogastric 
suction instituted for twenty-four hours post- 
operatively until sealing of the perforation 
occurs. 

Bleeding is seldom a problem; and if there 
is a minimal degree of oozing from the cut sur- 
face of muscle, this will generally stop if the 
antrum is placed back into the abdomen. If, 
on the other hand, a sizable vessel is bleeding 
vigorously, it is wise to suture ligate such a 
vessel prior to replacing the antrum and pylorus 
into the abdomen. 

Wound closure can be carried out in layers 
with either the catgut or silk technic. Sub- 
cuticular sutures serve admirably to approxi- 
mate the skin edges. 

Postoperatively feedings may be started 
several hours after surgery and if well tolerated 
may be gradually increased. The type of for- 
mula given does not seem to be as important 
as the amount which is given; for if large quan- 
tities are given too early, the infant is apt to 
vomit and have an unnecessarily prolonged 
convalescence. 

For many years we have used the following 
postoperative feeding regimen in most cases: 
Beginning four hours after operation, one ounce 
of 5 per cent dextrose solution every two 
hours for several feedings; later one ounce of 
milk formula every two hours for the next 
twenty-four hours. After this, the amount of 
milk formula is gradually increased to a full 
feeding regimen of three to four ounces every 
four hours by the third or fourth postoperative 
day. 

This feeding schedule is altered to suit the 
course of an individual case so that if a baby 
vomits persistently for the first day or two, 
5 per cent dextrose in water feedings are con- 
tinued, rather than increasing to milk formula. 
Similarly, if an infant is doing quite well, feed- 
ings may be advanced a little more rapidly than 
usual. Some infants will obviously require sup- 
plemental parenteral fluids for the first day or 
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two, if the total amount taken is inadequate, 
but many babies do not. 

Results. Postoperative complications are 
not frequent in these cases. It is not uncommon, 
however, to have a minor degree of vomiting 
for a day or two following operation in an 
infant with pyloric stenosis, undoubtedly due 
to the edema of the antrum and pylorus sec- 
ondary to long-standing obstruction, plus 
surgical manipulation. In most cases the child 
may be fed, nevertheless, and the occasional 
vomiting will disappear after two or three days. 
This was found to be the case in approximately 
one of three cases in a current series of 435 in- 
fants with pyloric stenosis reviewed at The 
Children’s Hospital Medical Center, Boston, 
from 1953 through 1959. Rarely an infant may 
exhibit persistent vomiting for several days 
postoperatively, and in such cases it is wise to 
institute nasogastric suction for a day or two, 
to rest the stomach, and then start feedings 
slowly once again on the third to fourth post- 
operative day, by which time vomiting will 
have usually stopped. 

Wound infection is encountered rarely in 
these infants and there have been but nine 
cases in 435 babies operated upon from 1953 
through 1959. 

Reoperation for pyloric stenosis is rarely 
necessary. In the past seven years there have 
been six patients reoperated upon for pyloric 
stenosis in this institution. Four of these had 
been operated upon initially elsewhere. It is of 
interest that in most cases requiring reopera- 
tion, division of the muscular ring had been 
carried out inadequately on the proximal end 
of the thickened ring, rather than the distal 
end as one might anticipate. 

There were three deaths in the group of 435 
patients from 1953 through 1959, or an over-all 
mortality of 0.69 per cent. None of the three 
deaths in this series may be considered straight- 
forward cases. The first was a premature infant 
operated upon one week previously elsewhere, 
in whom a perforation of the duodenum oc- 
curred and was unrecognized, resulting in bile 


Congenital Pyloric Stenosis 


peritonitis. This infant was re-explored upon 
admission to The Children’s Hospital Medical 
Center, Boston, but died the day following 
re-exploration and drainage of the peritoneal 
cavity. The second death occurred from over- 
whelming staphylococcal pneumonia with septi- 
cemia in an infant very depleted preoperatively. 
The third death occurred in a very depleted 
infant who vomited four days postoperatively, 
aspirated, and had respiratory arrest. 


SUMMARY 


Pyloric stenosis is one of the more common 
surgical entities of infants. The symptoms of 
vomiting usually start at about two to three 
weeks of age, and develop into the full blown 
clinical picture by five weeks of age. 

The diagnosis can usually be made from a 
history of nonbile-stained vomitus, of increas- 
ing frequency and amounts, weight loss and 
the finding of a palpable pyloric muscle mass 
in the right upper quadrant. A gastrointestinal 
series is necessary in only about one of every 
fifteen to twenty cases. 

The vast majority of infants operated upon 
for pyloric stenosis can be expected to take 
feedings in a perfectly normal manner a few 
days postoperatively, and this is followed in 
nearly all instances by remarkable weight gain, 
and by the development of a perfectly healthy 
infant. 

The results of operation are usually dramatic, 
and the over-all mortality can be expected to 
be in the range of 1 per cent or less. 
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UODENAL obstruction of congenital origin 

comprises nearly one-fourth of all forms 
of congenital alimentary tract obstruction in 
the newborn. Although consistently fatal less 
than fifty years ago, more recent advances in 
the management of congenital duodenal lesions 
have shown a very significant improvement in 
survival rates [1-3]. Improved pre- and post- 
operative care, advances in pediatric surgical 
technics and the availability of trained pediat- 
ric anesthesiologists have contributed to this 
improved outlook. Of equal importance and 
still worthy of emphasis has been the earlier 
diagnosis and treatment of these obstructive 
lesions. 

The signs and symptoms of the various forms 
of congenital duodenal obstruction are all con- 
sistent with high small bowel obstruction. 
However, the variation in the manifestations of 
these signs and symptoms with individual 
lesions makes it convenient to discuss the prob- 
lem in three broad categories: (1) intrinsic 
obstruction which includes the atresias, ste- 
noses, webs and diaphragms, (2) extrinsic 
obstruction such as annular pancreas and 
congenital constricting bands other than those 
seen with malrotation and (3) anomalies of 
rotation and fixation including malrotation 
with paraduodenal bands. 


INTRINSIC OBSTRUCTION 


Duodenal Atresia. Atresia is the most com- 
mon form of intrinsic duodenal obstruction in 
the newborn and by definition complete ob- 
struction is implied. The lesion may be mani- 
fested by an imperforate mucosal diaphragm 
or by total disruption of bowel continuity, 
with or without a solid fibrous cord connecting 
the proximal and distal segments. The cause 
of the former type of lesion‘ is very likely failure 
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of recannalization from the solid cord stage as 
suggested by both Patton [4] and Arey [5] on 
the basis of Johnson’s [6] work, while the 
cause of the latter lesion is still somewhat 
obscure but may be related to a vascular acci- 
dent as suggested by Barnard [7]. 

The signs and symptoms are nearly always 
straightforward and the diagnosis is relatively 
easy to make compared to other forms of duo- 
denal obstruction. Vomiting is the most con- 
sistent symptom and generally occurs: within 
twenty-four hours after birth. An occasional 
baby may not vomit until after his first feeding 
but this is rare. Ninety-five per cent of the 
atretic lesions are distal to the ampulla of Vater 
and these babies uniformly vomit bile. In those 
rare instances in which the lesion is proximal 
to the ampulla, the vomitus will be free of bile 
and prepyloric atresia must be considered in 
the differential diagnosis. Abdominal disten- 
tion, when present, is confined to the upper part 
of the abdomen and, indeed, the lower portion 
may be scaphoid. For the most part, the babies 
decompress themselves by their persistent 
vomiting such that distention is not a signifi- 
cant part of the clinical picture. The stools are 
often absent or may consist of scant grey-green 
mucoid passages. On the other hand, if the 
atresia is proximal to the ampulla of Vater, the 
initial meconium evacuation may appear nor- 
mal after which the stools become diminished 
to absent. In addition to these more familiar 
signs and symptoms of intestinal obstruction 
in duodenal atresia, a history of maternal 
hydramnios is a valuable aid in making an 
earlier diagnosis. Lloyd and Clatworthy [8] 
found that babies with high grade obstructive 
lesions proximal to the first 15 to 20 cm. of 
jejunum are born of mothers with hydramnios 
in over two-thirds of the cases. Additional evi- 
dence subsequent to this publication showed 
seven of seven babies with duodenal atresia 
were born of hydramnic mothers [9]. While 
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here are other causes for hydramnios (anen- 
ephaly, fetal hydrops, twin births, etc.), every 
»hysician responsible for the care of newborn 
nfants should be alert to the possibility that 
iny otherwise normal baby born of a hydramnic 
nother may have proximal high grade intesti- 
ial obstruction [zo]. 

The diagnosis, once suspected, is readily 
established by plain flat and upright films of 
he abdomen. The classic roentgenologic sign 
f the “‘double bubble” is shown in Figure 1. 

The use of radiopaque material is contraindi- 
‘ated in this problem. If the plain films are 
‘quivocal, a catheter may be passed into the 
infant’s stomach and 50 to 60 cc. of air injected 
to distend the stomach and provide better 
contrast. 

Duodenal obstruction is remarkably well 
tolerated by the newborn. Although the diag- 
nosis may have been delayed for periods up to 
five days, the fluid and electrolyte derange- 
ments are generally less severe than in cases 
of lower gastrointestinal obstruction. If the 
diagnosis is made during the first twenty-four 
hours of life, the preoperative preparation can 
be accomplished within six to twelve hours. 
More severe derangements require a corre- 
spondingly longer interval of preparation which 
should be aimed at not only correcting fluid 
and electrolyte disturbances but also at restor- 
ing the circulating blood volume to normal. 

For the purpose of preoperative preparation, 
routine intravenous technics utilizing scalp veins 
or peripheral veins are adequate. But, if the 
baby’s condition is critical and prolonged repair 
is necessary, a cut-down employing a fine plastic 
tube in an ankle vein is preferred. For purposes 
of giving blood, medications and fluids during 
surgery a cut-down is routinely established. 

Anesthesia: Modern pediatric anesthesiology 
has contributed largely to successful surgical 
intervention during the newborn and infant 
periods. The availability of anesthesiologists 
skilled in these newer technics has further 
contributed to the infant’s tolerance of major 
surgery. General endotracheal anesthesia, usu- 
ally cyclopropane and oxygen supplemented 
with ether, is recommended. Intubation while 
the baby is still awake is a remarkable feat 
that is not only well tolerated by the newborn 
but contributes to a safer and smoother induc- 
tion of anesthesia. In those centers where anes- 
thesiologists trained in these technical refine- 
ments are not available, open drop ether is still 
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Fic. 1. Plain x-ray film taken in the upright position 
showing the classical “double bubble” sign of duodenal 
atresia. Note the absence of gas in the remaining small 
and large bowel, indicative of complete obstruction. 


the safest form of anesthesia for the newborn. 

Operative treatment: The treatment of this 
lesion is surgical and best accomplished by a 
bypassing procedure rather than attempts at 
restoring normal intestinal continuity. The 
procedure used depends principally on the loca- 
tion of the lesion. Obstructions proximal to the 
ampulla of Vater may be relieved by a gastro- 
enterostomy (Fig. 2) or occasionally by a 
gastroduodenostomy if technically feasible. 
Lesions distal to the ampulla of Vater may be 
treated by a duodenoduodenostomy but the 
preferred and simpler anastomosis is a duo- 
denojejunostomy (Fig. 3) placed as far distal on 
the duodenal segment as possible to avoid the 
complication of the blind loop syndrome. This 
can be done antecolic as in Figure 3 or retro- 
colic as shown in Figure 4. 

Regardless of the location of the anastomosis, 
the technics are essentially the same. After the 
abdomen has been prepared, the umbilical 
stump is cut off flush with the abdominal wall 
and isolated under the drapes. The abdomen is 
opened through a right upper quadrant trans- 
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Fic. 2. An antecolic anastomosis is illustrated which is 
the preferred procedure for alleviating obstruction due 
to atresia in the first portion of the duodenum. 


verse incision placed 3 or 4 cm. above the 
umbilicus. Initially, the incision is made only 
through the right rectus sheath, transecting 
the muscle. This allows adequate exposure for 
exploration and confirmation of the diagnosis 
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Fic. 4. A retrocolic duodenojejunostomy is illustrated. 
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Fic. 3. An antecolic duodenojejunostomy is illustrated. 


and is usually sufficient for the definitive proce- 
dure. When necessary, the incision may be en- 
larged laterally to the right or extended across 
the left rectus muscle as indicated. At this 
point, evisceration of the entire small bowel is 
recommended in order to clearly visualize the 
problem. The bowel should be protected by 
pads moistened with warm saline or by rubber 
sheeting as recommended by Gross [3]. Before 
continuing with the anastomosis, the distal 
small bowel is injected with saline and air 
through a No. 22 gauge needle. This accom- 
plishes two things: First, additional lesions of 
the distal small bowel may be ruled out by 
following the injected material through the 
remaining intestinal tract, and second, distal 
microsized bowel is distended which makes the 
proposed anastomosis technically more feasible. 
The segment of distal bowel chosen for the 
anastomosis is brought into apposition with 
the proximal segment in an_isoperistaltic 
manner. A sufficient length of bowel should be 
utilized so that the resultant stoma will be at 
least 3 cm. long. A posterior row of No. 5-0 
atraumatic interrupted silk sutures are placed 
in the seromuscular layer, after which they 
are drawn up and tied. The two end sutures are 
retained for guides and the remainder are cut. 
In order to avoid trauma to the delicate intes- 
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tine of the infant, occluding intestinal clamps 
are not used during the open phase of the 
anastomosis. They are not really necessary 
since the short length of proximal bowel is 
easily emptied by nasogastric suction and the 
distal collapsed bowel is already empty. Secre- 
tions that form during the performance of the 
anastomosis are removed by suction. The proxi- 
mal and distal bowel are opened and the poste- 
rior row of interrupted mucosal sutures are 
placed. The anterior portion is closed by a 
single row of interrupted inverting sutures. 
This has been found to be very satisfactory 
and only occasionally has it been necessary to 
place additional sutures to reinforce the ends 
or center of the anastomosis. When a retro- 
colic anastomosis has been performed, the 
proximal segment of bowel should be anchored 
to the edges of the opening in the mesocolon to 
prevent retraction and/or kinking of the bowel 
with subsequent obstruction at this site. Ex- 
treme gentleness should be exercised in handling 
the infant bowel and the individual sutures 
should include only 2 or*3 mm. of tissue. 

Postoperative management: During the post- 
operative period, the management of these 
babies should be directed toward fluid and 
electrolyte maintenance and overhydration 
avoided. Fluids and electrolytes are calculated 
on an eight hour basis including maintenance 
plus replacement of abnormal losses. The babies 
are weighed every eight hours and the fluid 
requirements for the next eight hour period are 
altered according to any weight gain or loss 
that is manifested. Ideally, the weight is main- 
tained at a constant level. A persistent weight 
loss of 20 to 40 gm. per day in view of inade- 
quate caloric intake is not cause for concern 
but a persistent weight gain of this magnitude 
over a period of days is likely to result in 
overhydration. 

Postoperative gastric suction is essential in 
these babies; and while adequately accom- 
plished in the past by means of nasogastric 
intubation, there is a more recent trend toward 
the use of gastrostomy for this purpose [rz]. 
The elimination of the nasogastric tube in the 
infant has decided advantages among which 
are the avoidance of such complications as 
middle ear infections and pharyngoesophageal 
irritation as well as requiring less confining 
restraints. Furthermore, a larger tube may be 
used increasing the efficiency of gastric empty- 
ing which minimizes the hazard of vomiting 
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and aspiration. Once oral feedings have been 
started, the gastrostomy permits more accurate 
intermittent evaluation of gastric retention. 

Gastric decompression is maintained until 
the anastomosis begins to function. This is 
indicated by the absence of bile in the gastric 
aspirate and an eight hour volume of less than 
50 cc. Oral feedings can generally be started 
on the third postoperative day. Initially, clear 
fluids are offered in small amounts, usually 
30 cc. (15 cc. in premature infants) of 5 per 
cent dextrose in .2 per cent normal saline at 
two hour intervals. The stomach is aspirated 
fifteen minutes prior to each feeding. The 
volume of the proposed feeding minus the 
volume of the gastric aspirate is the amount 
offered. In this way, overfeeding is avoided. 
The time interval between aspirations may be 
gradually lengthened to twelve to twenty-four 
hours as indicated by the baby’s progress. 
Since the baby’s gastric emptying time is ap- 
proximately two hours, the interval between 
feedings should be extended to four hours as 
soon as oral intake is tolerated in order to avoid 
overfeeding. Small, weak babies who cannot 
take an adequate amount at a single feeding 
may be fed at three hour intervals. 

During the early stages of establishing an 
adequate oral intake, it is desirable to avoid 
materials that will produce a curd. A high pro- 
tein, low fat, low curd feeding such as Nut- 
ramigen® has proved satisfactory for this pur- 
pose. For the sake of simplicity and economy, it 
is desirable to send the babies home on a milk 
formula. The change is smoothly accomplished 
by substituting the milk formula for the protein 
hydrolysate by daily increments of one-fourth, 
until after four days the infant is on a milk diet. 

Duodenal Stenosis. In contrast to atresia, 
stenosis implies an incomplete obstruction. 
The lesion may consist of a narrowing of vary- 
ing lengths of duodenum or an incomplete 
diaphragm. There is considerable variation in 
the degree of obstruction produced by stenotic 
lesions. Often the obstruction will be high 
grade and rapidly progress to complete ob- 
struction during the first day or two of life. 
X-rays at this stage may show a small amount 
of gas beyond the duodenum (Fig. 5) or occa- 
sionally there may be so much gas that it 
cannot be distinguished from the normal small 
bowel pattern. If the obstruction becomes com- 
plete after one or more days, the gas is either 
absorbed from the small bowel or passed below 
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Fic. 5. A plain upright abdominal film showing duo- 
denal obstruction. There is a small amount of air in the 
distal small bowel indicative of a partial obstruction, in 
this case due to an incomplete diaphragm in the third 
portion of the duodenum. 


and little or no new air enters from above. The 
diagnosis then is evident but the fact that this 
chain of events may take place rapidly or over 
a period of several days challenges the diag- 
nostic acumen of all concerned. Bilious vomit- 
ing is again the most common symptom, but 
the onset is generally delayed for days or weeks 
and the vomiting may be intermittent. Only 
about 50 per cent of these babies will be born 
of hydramnic mothers. Distention, when pres- 
ent, is most severe in the upper part of the 
abdomen. However, the presence of air in the 
small bowel beyond the lesion will cause the 
abdomen to appear fuller than that of the baby 
with atresia. Stools may be normal but are 
more often reduced in amount, depending on 
the degree and intermittency of obstruction. 
Some of these babies present as a growth failure 
after several months of persistent intermittent 
vomiting. Whenever the clinical picture is that 
of partial duodenal obstruction, an upper 
gastrointestinal roentgenologic examination of- 
ten helps to identify the lesion. This study 
should not be performed until after a saline 
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barium enema has been done to eliminate 
malrotation as the causal factor. 

Preoperative management in these infants 
is often more complicated than in those with 
atresia, since in addition to fluid and electrolyte 
disturbances there may be the added factor of 
severe malnutrition. The details of preoperative 
management are essentially the same but 
considerably more time may be required to 
prepare the infant for surgery. The operative 
technics are those outlined for correcting 
atretic lesions and bypassing procedures will 
most often be the operations of choice. Should 
the lesion appear to be the result of an intra- 
luminal diaphragm, a direct attack on the lesion 
is permissible when adequate exposure is possi- 
ble and the operation is technically feasible. 
The bowel is incised longitudinally through the 
diaphragm starting proximal to the area of 
constriction. The diaphragm is excised and the 
mucosa approximated with a single layer of 
No. 5-0 atraumatic silk sutures. The duo- 
denotomy is closed transversely with a double 
layer of interrupted silk sutures. 

Postoperatively, these infants are managed 
much the same as those with atresia except 
when malnutrition is prominent. While small 
daily infusions of plasma or blood (5 cc./pound 
of body weight) during the postoperative 
period is desirable in all forms of duodenal 
obstruction, it is especially helpful in maintain- 
ing these more severely depleted infants until 
a weight gain can be established on oral 
feedings. 


EXTRINSIC OBSTRUCTION 


Annular Pancreas. Relatively less common 
than other forms of congenital duodenal ob- 
struction, annular pancreas (Fig. 6) is nonethe- 
less important and often more difficult of diag- 
nosis. The signs and symptoms are very similar 
to those of duodenal stenosis. While some 
babies may have difficulty from birth, in 
others, the onset of symptoms may be delayed 
for many years, even into adulthood [12]. 
The establishment of the diagnosis may be 
aided by performing a barium enema to rule 
out malrotation as a cause of the obstruction. 
This should be followed by an upper gastro- 
intestinal series performed with thickened 
barium which may help localize the lesion. The 
pre- and postoperative management in these 
infants is not unlike that described for atresia 
and stenosis of the duodenum. 
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Fic. 6. The drawing on the left depicts an annular pancreas found at operation in a ten 
day old infant girl. There was nearly complete obstruction of the duodenum. The patient 
had an uneventful recovery following retrocolic duodenojejunostomy as illustrated on 


the right. 


In addition to the obstructive effect produced 
by the abnormal ring of pancreatic tissue, there 
is very often an intrinsic obstruction of the 
duodenum at this point. Because of this and 
the danger of postoperative fistula as a result of 
the division of pancreatic tissue, bypassing 
procedures are the treatment of choice, namely 
retrocolic duodenojejunostomy, also illustrated 
in Figure 6. 

Congenital Bands or Membranes. Anoma- 
lous bands, other than those seen with mal- 
rotation may occasionally produce extrinsic 
obstruction of the duodenum [73]. When the 
obstruction is complete or nearly so at birth, 
the symptoms will be those of duodenal atresia 
or a high grade stenosis. At surgery, the diffi- 
culty is recognized readily enough; however, it 
is essential to ascertain whether or not an asso- 
ciated intrinsic lesion is present and correct it 
at that time. More commonly, these bands pro- 
duce an intermittent form of obstruction that 
is often interpreted as a functional disorder. 
However, the persistence of symptoms demands 
investigation to rule out a mechanical form of 


obstruction. The barium enema is normal in 
these cases, eliminating malrotation as the 
cause. An upper gastrointestinal study should 
then be done. The x-ray films will rarely show 
any significant hold up of the contrast material 
in the stomach or duodenum but rather will 
demonstrate a deformity or malposition of the 
duodenum suggestive of an abnormality of 
fixation. 

In the absence of an exact diagnosis, but 
with these suggestive findings and the per- 
sistence of symptoms, exploratory surgery is 


indicated. 
MALROTATION 


Malrotation is one of the more common 
causes of duodenal obstruction in the newborn. 
The embryology and pathology of this com- 
plicated anomaly has been discussed in a most 
scholarly manner by Snyder [14]. 

The obstruction is usually incomplete, not 
infrequently of delayed onset and charac- 
terized by intermittent bilious vomiting, upper 
abdominal distention and growth failure. The 
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Fic. 7. Surgical treatment of malrotation. The para- 
duodenal bands arising from the right parietal gutter 
and extending to the ascending colon are incised. 


Fic. 9. The completed operation. Note that the duo- 
denum now descends straight down the right gutter 
and the cecum assumes a position in or slightly to the 
left of the midline. 
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Fic. 8. An artist’s drawing illustrating the division and 
separation of all adhesions between the duodenum and 
colon. 


fairly common association of midgut volvulus 
with this abnormality renders it a more hazard- 
ous lesion to manage than the other forms of 
duodenal obstruction. Any amount of blood in 
the stools of a baby, who is also vomiting bile 
and has more generalized abdominal distention, 
should alert the surgeon to the likely presence 
of the combination of thes. problems. Surgical 
intervention should be undertaken as soon as 
possible, utilizing only sufficient time for pre- 
operative preparation to correct any degree of 
shock that might be present with blood or 
plasma transfusions. One of the most discourag- 
ing moments in the surgery of the infant is the 
finding of black, lifeless bowel extending from 
the ligament of Treitz to the midtransverse 
colon. 

Because of the incomplete nature of the 
duodenal obstruction produced by malrotation, 
these infants are often treated as feeding prob- 
lems for several days, weeks or even years. An 
accurate appraisal of the nature of the vomiting 
is essential. The baby with malrotation usually 
vomits bile while the baby with a feeding prob- 
lem almost never has bile-stained vomitus. An 
infant with these symptoms deserves a warm 
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saline barium enema. The abnormal rotation 
of the colon is readily identified by this proce- 
dure making the diagnosis certain in the vast 
majority of cases. Occasionally, an upper gas- 
trointestinal study may be indicated but it is 
not unusual to have an essentially normal 
study in these babies. 

The usual preoperative preparation for ob- 
structed babies is carried out and the operation 
conducted without undue delay. The right 
upper abdominal transverse incision through 
the right rectus sheath is used and when neces- 
sary extended so that any lesion encountered 
in the upper part of the abdomen may be 
definitively treated. Figures 7, 8 and g illustrate 
the essential operative steps for the correction 
of malrotation with duodenal obstruction. The 
division of the paraduodenal bands should be 
performed without injury to the serosa of the 
small bowel or large bowel. Small denuded 
areas very often result in adhesions and bands 
that may be the cause of postoperative ob- 
struction which can be a lethal complication 
in this age group. 

It is essential to look for evidence of mal- 
rotation in those babies undergoing surgery for 
obstruction presenting principally as a vol- 
vulus. Failure to make this observation may 
necessitate additional surgery to relieve a per- 
sistent duodenal obstruction. 

Because of the occasional presence of an 
intrinsic duodenal obstruction accompanying 
malrotation, any widely dilated duodenum 
should be investigated by opening the stomach 
and passing a No. 16 F. catheter well into the 
jejunum. If a gastrostomy is planned, the 
catheter may be passed through this opening. 
Similarly, any significantly narrowed segment 
of the duodenum that obviously or potentially 
could continue to produce a partial obstruction 
should be investigated and a prophylactic by- 
passing procedure performed. 


COMMENTS 


While early diagnosis and treatment is im- 
portant to the successful management of these 
lesions, the problem of associated anomalies of 
the alimentary tract, other than the presenting 
duodenal lesion, is one of major concern. Failure 
to ascertain and correct other abnormalities of 
the small or large bowel during the initial sur- 
gery may result in a fatal outcome for the in- 
fant. Unfortunately, there are a certain number 
of infants who will have other anomalies in- 
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TABLE I 
ATRESIA AND STENOSIS OF THE DUODENUM 
No. of | Survival Rate 

Condition Patients| Lived (%) 

| 
Atresia............. 72 
II | 8 | 73 
72 

| 


compatible with life. Little can be done for 
these babies other than making them com- 
fortable. Another discouraging aspect of con- 
genital duodenal obstruction is the association 
with mongolism. The reported incidence varies 
from 4 [1] to 25 per cent [15] and is approxi- 
mately 10 per cent in the present series. The 
question of what to do for these infants has 
not yet been answered. When the diagnosis is 
clear-cut, the family should be allowed to 
participate in making the decision. On the 
other hand, when the evidence is equivocal, it 
is well to keep in mind that a diagnosis of mon- 
golism cannot always be made in the early days 
or months of life. This stigma should not be 
attached to any baby on the basis of suspicion 
alone. While it is not desirable to alarm parents, 
it is wise, nonetheless, to inform at least one 
responsible member of the family of the possi- 
bility in any case in which the question has 
arisen. 

In spite of these associated problems the cur- 
rent management of duodenal obstruction in 
the newborn should result in a survival rate in 
the neighborhood of 80 per cent. To maintain 
this high standard of infant salvage, such fac- 
tors as early diagnosis, prompt definitive treat- 
ment and the avoidance of errors of technic 
and management deserve continued emphasis. 

The over-all experience with intrinsic duo- 
denal obstruction at the Children’s Hospital of 
Michigan and the Harper Hospital is presented 
in Table 1. 

Of the twelve deaths in this group of pa- 
tients, five were due to unavoidable causes such 
as extreme prematurity and cardiorespiratory 
anomalies incompatible with life. Thus, for 
those babies with remediable lesions the over-all 
survival rate is 83 per cent. Survival figures for 
neonates with extrinsic duodenal obstruction 
should be equally good whereas in the problem 
of malrotation, the additional hazard of midgut 
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volvulus complicates the picture and tends to 
influence the mortality adversely. Even here, 
the trend is toward a brighter outlook. Snyder 
[14] reported a 77 per cent over-all survival rate 
in his series of forty cases and had only one 
death in the last fifteen babies in the series. 


CONCLUSIONS 


Duodenal abnormalities rank high among the 
causes of intestinal obstruction in the newborn 
but fortunately the majority of these lesions 
are amenable to corrective surgery in the ab- 
sence of other life-threatening anomalies. Early 
accurate diagnosis is one of the most important 
factors contributing to improved survival in 
this group of patients. Correction of fluid and 
electrolyte disturbances and the restoration of 
depleted blood volume is essential to the baby’s 
maximum tolerance of surgical stress. A thor- 
ough exploration and the correction of any 
coexisting anomalies is vital to survival since 
these infants poorly tolerate repeated operative 
intervention. Close attention to details of post- 
operative care and a very carefully conducted 
feeding regimen will result in a gratifying con- 
clusion for the majority of these infants so 
afflicted. 
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Acute Appendicitis in Children 


Cart H. McLauTHLIN, M.D. AND GeorGE B. Packarp, M.D., Denver, Colorado 


From the Surgical Department of the Denver Children’s 
Hospital, Denver, Colorado. 

CUTE appendicitis continues to be of para- 
A mount interest to the general surgeon, the 
pediatrician and the general practitioner. While 
the reported mortality is now exceedingly low, 
there still remain unsolved problems in diag- 
nosis and important aspects of treatment that 
require emphasis. In older children acute 
appendicitis is recognized as the most common 
condition of the abdomen requiring surgery; 
whereas, in the very early age group intus- 
susception and complications from a variety 
of congenital abnormalities, including malro- 
tation and Meckel’s diverticulum, outnumber 
the inflammations of the appendix. It is in 
this latter, preschool group that recognition 
of appendicitis before perforation still is not 
the rule, and it is in this group that the 
methods of treatment of the seriously ill 
child require periodic critical review. 

At the Denver Children’s Hospital we have 
analyzed the records of all patients who were 
operated on for acute appendicitis in the five 
year period ending January 1, 1960. A review 
of these cases as compared to a similar study 
of a five year period ending July 1, 1950 [7], 
impressions gathered from our personal experi- 
ence and a limited perusal of recent literature 
make up the basis of this report. 

During the five year period, 1955 to 1960, 
acute appendicitis was the presumptive pre- 
operative diagnosis in 474 cases. Not included 
in our study are incidental or interval appen- 
dectomies and operations for chronic appendi- 
citis. There are included 107 operations in 
which the expected pathologic condition was 
not found, this leaving 367 cases of proved 
acute appendicitis. The operations were per- 
formed by sixty-one surgeons. Ages of the 
patients who had acute appendicitis extended 
from eighteen months to fourteen years, there 
being only thirty-six patients under five years 


of age. There were more boys than girls. Three 
patients with acute appendicitis and perfora- 
tion died, a mortality rate of 0.82 per cent. 

In the proved cases of appendicitis 271 were 
classified as simple acute without spread, 
eighty-five as acute perforated with local 
peritonitis or abscess and eleven as perforated 
with diffuse peritonitis. In the group under five 
years of age there were eleven of the simple 
acute type, twenty-three cases of perforation 
with local spread and two cases of perforation 
with diffuse peritonitis. In those aged five 
years or more, there were 260 cases classified as 
simple, sixty-two cases of perforation with 
local peritonitis and nine cases of perforation 
with general peritonitis. In the group under 
age five, perforation had occurred prior to 
operation in 69 per cent as compared to 21 per 
cent in the group aged five to fourteen years. 
Figure 1 graphically illustrates the percentage 
of perforation in each year of life. 


SYMPTOMS AND DIAGNOSIS 


In children few diseases present such a 
variety of symptoms of a misleading character 
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AGE IN YEARS 
Fic. 1. Graph of incidence of acute appendicitis and 


incidence of perforation of acute appendicitis related to 
age of the patient. 
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as does appendicitis. This is unfortunate since 
accurate early diagnosis is the most important 
single factor in efficient care. The well known 
classical sequence of abdominal pain, vomiting, 
low grade fever, shift of pain and tenderness to 
the right lower quadrant may still make the 
diagnosis obvious in older children as in adults. 
Though this sequence may actually exist in the 
younger group, early recognition of the steps 
is seldom possible. 

Abdominal pain is probably the most com- 
mon and most important symptom. It may not 
be recognizable during the first few hours in a 
child too young to localize his complaints. 
However, if abdominal discomfort persists 
over eight to twelve hours, appendicitis must be 
seriously considered even though ‘‘stomach 
ache” is not an unusual complaint in childhood. 
If, as time goes on, the pain is such that the 
child resists handling or movement and ob- 
viously protects his abdomen by costal breath- 
ing and flexion of his legs, the diagnosis of 
general peritoneal irritation is obvious. 

Vomiting is nearly always present and pre- 
ceded by anorexia. It may occur but once or 
may be persistent as the process advances. 
Nausea and vomiting are so common in most 
diseases of childhood that even when asso- 
ciated with abdominal discomfort, these symp- 
toms may mislead the physician who has seen 
hundreds of similar combinations not due to 
appendiceal inflammation. In the young, 
vomiting may often seem to be the symptom of 
onset when preceding pain is not recognized. 
However, when vomiting has occurred and the 
abdominal pain is recognized and is persistent, 
suspicion of an intra-abdominal inflammatory 
process is mandatory. 

Elevation of temperature is usually slight in 
the early stages and is not of much significance 
in itself. High fever is characteristic of ad- 

vancing peritonitis after perforation. Bowel 
changes are not of great importance. Although 
constipation is classical, diarrhea is by no means 
a rarity. Urinary symptoms are not a usual 
feature but may be present depending on the 
proximity of the inflammation to ureter or 
bladder. 

In the younger group in whom the typical 
sequence of symptoms is not apparent, physical 
examination is of greater importance than 
history. Localized tenderness is the most 
constant single finding and is the key to diag- 
nosis of early inflammation. While tenderness is 
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usually confined at early stages to the right 
lower quadrant, it may be found higher up or in 
the right flank or even in the left lower quad- 
rant. Palpation of the abdomen of a young 
child requires the utmost caution if this diag- 
nostic point is to be elicited. A slow approach 
with warm hands is essential. Light palpation 
should be started far from the expected tender 
area, as on the chest, and gently advanced until 
the tender spot is located where there may also 
be accompanying muscle protection. Tender- 
ness on light palpation may not be present when 
the inflamed appendix is in a retrocecal or 
pelvic position, but firmer pressure in one of 
these areas or a careful rectal examination may 
demonstrate acute tenderness, in the latter 
instance sometimes associated with a mass. 

In the unruly or overly defensive child, seda- 
tion may be required for proper abdominal 
examination. In this uncommon situation, a 
fast-acting barbiturate by rectum, such as 
Seconal® in the dose of 1 gr. per twenty-five 
pounds of body weight, will usually put the 
child to sleep in thirty to forty minutes but will 
not conceal reaction to pressure at the tender 
point nor mask muscle spasm. When suspicious 
symptoms are present, absence of tenderness 
does not rule out appendicitis unless examina- 
tion is repeated. All too often, tenderness may 
be missed at an early stage only to be obvious 
a few hours later. 

While it is generally appreciated that 
appendicitis is usually associated with an 
elevation of the white blood count, such a wide 
variation may exist that no average can be set 
as diagnostic. In our cases the typical white 
blood cell count has been in the range of 10,000 
to 24,000 per cu. mm., but a higher count of 
24,000 to 28,000 per cu. mm. or a lower count 
of 8,000 to 10,000 per cu. mm. is not un- 
common. The under five years of age group 
tended to have the widest variation, the white 
blood cell count ranging from 6,500 to 36, 100 per 
cu. mm. The white blood cell count seemed to 
have no value in determining perforation and is 
not a quantitative test. Mesenteric lymphade- 
nitis was very often associated with a white 
blood cell count considered typical of appendi- 
citis. 

Urinary findings, as a rule, are not helpful, 
excluding the acetone test as an indication of 
dehydration and metabolic acidosis. A mod- 
erate number of white or red blood cells may be 
present when the inflamed appendix lies close 
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to the bladder or ureter and should not divert 
attention to disease of the urinary tract. 

X-ray examination of the abdomen is not 
routinely indicated in the diagnosis of simple 
acute appendicitis. However, in the presence of 
perforated appendicitis with abscess, the 
pediatric roentgenologist is able to demonstrate 
in many instances the outline of a probable 
fecalith in the right lower quadrant, often 
associated with suggestion of a mass. Our 
review confirms the observation at the Colum- 
bus Children’s Hospital [2] that, in evaluating a 
child with suspected intra-abdominal infection, 
an x-ray film of the abdomen will often establish 
the diagnosis of complicated appendicitis in this 
way. 

DIFFERENTIAL DIAGNOSIS 


In any case in which acute appendicitis 
seems a reasonable possibility, surgical explora- 
tion is undoubtedly the safest method of 
determining diagnosis. It is not our purpose 
here to enumerate or elaborate on the many 
causes of childhood abdominal pain although 
there are some conditions that should be con- 
sidered before proceeding with operation. 

Acute mesenteric lymphadenitis so closely 
mimics appendicitis that attempt at differen- 
‘iation is not reasonable. To make such a 
diagnosis without operation is unsafe. Gastro- 
enteritis is more common than appendicitis and 
may be associated with some general abdominal 
tenderness. Here peristalsis is usually quite 
active. Close observation to rule out localizing 
signs will usually settle the problem. 

Children may complain of abdominal pain in 
tonsillitis, otitis media, pneumonia and other 
infections, and there may even be apparent 
abdominal tenderness in pneumonia. The 
pediatrician will have in mind the exanthemas 
with their prodromal signs, acute pyelitis and 
its local and general signs with pyuria, the 
acidosis of diabetes with its urinary findings as 
well as the respiratory infections. Upper 
respiratory infection so often precedes or 
accompanies appendicitis that its presence 
should not be of great influence in evaluation of 
appendicitis. The best solution, if in any doubt, 
is admission to the hospital where frequent 
careful and thoughtful appraisal will decide the 
question of surgical exploration. 


TREATMENT 


As soon as the diagnosis of acute appendicitis 
considered, prompt 


is made or seriously 


Acute Appendicitis in Children 


621 


appendectomy, except in the seriously ill, is the 
only acceptable treatment. Sometimes opera- 
tion may be preceded by the introduction of a 
nasogastric tube or by intravenous administra- 
tion of fluid but it should not be delayed for 
preliminary antibiotic therapy or for the 
surgeon’s convenience. Other preparation is not 
required in the average case nor is delay 
warranted in order to rule out the possibility of 
a normal appendix being found. Of the 474 
cases in this series, 107 (23 per cent) did not 
reveal acute appendicitis. Of these 107 patients 
eighty-six may be considered as having definitely 
indicated need for surgery based on the finding 
in eighty-one cases of mesenteric lymphadenitis, 
in two of ovarian cyst with torsion and in one 
each of pneumococcus peritonitis, Escherichia 
coli peritonitis and a twisted hydatid of 
Morgagni. There were twenty-one patients who 
had either no pathologic condition or a condi- 
tion not necessitating operation, such as 
regional ileitis or bleeding graafian follicle. 
Negative findings of 4.4 per cent is a reasonable 
price for vigilance. A definite percentage of 
diagnostic error, as agreed elsewhere [2,3], is 
mandatory as prophylaxis against the mor- 
bidity and mortality which would result from 
perforation. 

In the seriously ill child, more often belong- 
ing to the under five age group, preoperative 
preparation is imperative as a life-saving meas- 
ure. Such a child, with a temperature of 103°F. 
or over and a pulse above 150, markedly de- 
hydrated, with distended abdomen and even in 
impending shock from peritoneal soiling, 
tolerates anesthesia and operation very poorly. 
This child may die from irreversible shock and 
hyperthermia. Proper preoperative treatment 
is an emergency and may require several hours. 

Administration of intravenous fluids should 
be started immediately. Glucose in saline may 
be sufficient to correct electrolyte losses. In 
the more severe cases, blood at 5 to 10 cc. per 
pound of body weight, up to 500 cc. in a single 
transfusion, plasma or 5 per cent albumin may 
often be needed to correct the hypovolemia due 
to the large losses of protein-rich fluid in 
diffuse peritonitis. Fowler’s position may ease 
breathing hampered by the upward pressure. 
To reduce the elevated temperature, tepid 
sponges, an electric fan, ice bags, a cool oxygen 
tent, rectal aspirin and intravenous salicylates 
have all been used. To combat the infection, 
various authorities [2,4,5] have advised the 


TABLE 1 
INCIDENCE OF COMPLICATING WOUND ABSCESS 
RELATED TO DRAINAGE AT PRIMARY 
OPERATION FOR APPENDICITIS WITH 
PERFORATION, 1955 TO 1960 


| 
: Not Not 
eet | Drained | Operated 
} 
No. of cases | 76* | 16 4t 
No. of abscesses in right | 
lower quadrant | at | 8 
Percentage of abscesses 
in right lower 
quadrant | 2.6 | 50 
| 


* Sixty-five patients had intraperitoneal drainage; 
eleven had drainage of wound only. 

Tt One patient had drain removed on third post- 
operative day. 

t Two patients died without operation; two had 
abscess treated without operation and later elective 
appendectomy. 


intravenous administration of large doses of 
penicillin, of the broad spectrum antibiotics or 
of sodium sulfadiazine, accompanied by strepto- 
mycin intramuscularly. This, in general, has 
been our program though it has not been possi- 
ble to determine the effect of individual agents. 

A pulse rate under 120 beats per minute and a 
temperature below 102°F. is a desired goal 
which may not always be reached, especially if 
there is pus under pressure. When improvement 
is considered adequate, operation should be 
performed promptly. It is generally agreed that 
a prolonged nonoperative regimen is not wise in 
children who tolerate peritoneal soiling poorly 
and who do not seem to have the ability to 
localize as effectively as do adults. 

The McBurney incision is our choice as it 
was of the majority of the surgeons represented 
in this series. A right rectus incision Is pre- 
ferred by some, especially in the infant in whom 
a higher position of the appendix is not un- 
common and in whom accurate diagnosis is less 
certain. The type of incision employed here 
apparently did not influence morbidity or 
complications. Great care must be exercised in 
mobilizing the fragile appendix; and if the 
appendix is surrounded by a coat of omentum 
perhaps sealing a perforation, this omentum 
should be left in place and removed with the 
appendix. Inversion of the appendix stump 
after ligation was practiced in most of our 
cases unless contraindicated by induration of 
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the cecum. Pus and toxic fluid should be 
thoroughly aspirated. A limited search for a 
free fecalith should be included and will result 
in its recovery in a high percentage of cases as 
has been the experience elsewhere [3,6]. Intro- 
duction into the peritoneal cavity of anti- 
bacterial drugs or antibiotics is not practiced. 
Today, removal of the appendix at the time 
of drainage of the abscess is the rule if practica- 
ble. However, perhaps the most remarkable 
recovery in our study was that of a critically ill 
infant who probably would not have tolerated 
more than simple drainage. Although there is 
general agreement that a drain should be 
placed in a frank abscess, the practice of the 
surgeons in this study reflects the difference of 
opinion widely prevalent as to the value of 
drainage of the peritoneal cavity in presence of 
other degrees of contamination. When there is 
gross evidence of perforation, we favor, in 
agreement with the majority, placing a soft 
drain in the lateral gutter with exit through the 
McBurney incision. We believe that this drain 
will handle the occasional residual abscess in the 
appendiceal fossa and also will adequately drain 
the operative wound. Our statistics in both five 
year studies show a higher incidence of compli- 
cating local abscesses in the cases in which the 
wounds were closed without drainage. (Table 1.) 


POSTOPERATIVE CARE 


Little special postoperative care is needed in 
the simple cases and hospital stay is usually 
limited to a few days. Administration of 
intravenous fluid is seldom required nor do 
antibiotics seem to have any apparent effect 
on morbidity. In the seriously ill group, the 
postoperative regimen is similar to the pre- 
operative. Fowler’s position for gravity, naso- 
gastric suction to minimize distention and to 
keep the intestinal tract at rest and sedation to 
relieve pain as well as the discomfort of thera- 
peutic measures are routine. Intravenous fluids 
to provide electrolyte balance or for nutrition 
or to balance protein depletion are continued as 
needed. While the optimum dosage of anti- 
biotics and antibacterial drugs is still subject 
to conjecture, their use appears mandatory as 
based on the tremendous drop in mortality in 
all centers coincident with the introduction of 
this therapy [4,5,7]. Use of penicillin and 
streptomycin may be considered routine for 
five days though broad spectrum antibiotics 
are preferred by some. When the intravenous 
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route is no longer required, oral administration 
may be substituted and continued until well 
after the reaction has subsided. 

Careful watch for signs of residual collection 
is required including rectal examination when- 
ever suspicion warrants. The drain is left in 
place for five to seven days. The temperature 
should be normal for two to three days before 
dismissal from the hospital. Patients of this 
type require longer hospitalization and, even 
after they have left for home, they should be 
under observation for possible development of 
complications over a period of weeks. 


COMPLICATIONS 


Complications occur infrequently following 
removal of the unruptured appendix and are 
usually not of great consequence nor a cause of 
delay in recovery. In our 271 cases of simple 
acute appendicitis eight complications were 
listed, an incidence of 3 per cent. These were 
mostly minor although one case of hemorrhage 
from an appendiceal stump required reoperation 
the same day. On the other hand, complications 
were not unusual in the ruptured cases. Most 
common is abscess, either inside or outside the 
peritoneal cavity. Intestinal obstruction ranks 
next, being most frequently seen in the early 
postoperative period and being usually of a 
plastic nature responding to decompressive 
measures. Other complications were less fre- 
quent and included atelectasis, fecal fistula, 
incisional hernia and cut-down phlebitis. In 
addition to longer fever, longer hospitalization, 
paralytic ileus of several days and wound 
drainage of varying duration, fifteen patients of 
ninety-six in the group having ruptures had 
specific complications including wound abscess, 
pelvic abscess, subdiaphragmatic abscess and 
intestinal obstruction requiring reoperation or 
rehospitalization. 


MORTALITY 


Mortality resulting from appendicitis as 
revealed in recent reports is astonishingly low. 
In what degree this is due to the use of anti- 
biotics and antibacterial chemicals or in what 
degree it is due to the other aspects of intensive 
preparation of the seriously ill child is not 
clear. Reports before 1940 listed the mortality 
for ruptured appendix in children as 20 per 
cent or higher [3,8]. Recent reviews from 
medical centers where large numbers of chil- 


Acute Appendicitis in Children 


dren are treated [2,4,5] indicate a mortality 
of 1 per cent or lower and are a splendid com- 
mentary on the great advances in medical and 
surgical care. In our series of the last five years 
there were three deaths in 367 proved cases of 
acute appendicitis, two of these patients being 
moribund on admission, a total mortality of 
0.82 per cent. These figures do not exactly 
duplicate the experience of the Denver Chil- 
dren’s Hospital. There was but one death in our 
1945 to 1950 series of 321 cases [1] and but one 
death in the five years between our two reports, 
a total of five deaths in the past fifteen years. 
Three of these patients were admitted in a 
state of shock and died during intensive 
resuscitative treatment in preparation for 
operation. 


COMMENTS 


Analysis of our cases emphasizes certain con- 
clusions already well known. Of greatest 
importance in acute appendicitis is early 
diagnosis before perforation, particularly in the 
preschool child. The relationship between pre- 
operative duration and advance of the inflam- 
matory process is an impressive feature brought 
out by our study. Compilation of average pre- 
operative duration of symptoms is misleading 
as wide variations may exist in special situa- 
tions. A low grade process may smolder a long 
time, a retrocecal or extraperitoneal position of 
the appendix may modify the typical patho- 
logic sequence of perforation or, occasionally, 
appendicitis apparently progresses, resolves and 
progresses again. A walled-off abscess of several 
weeks or even of months destroys the value of a 
stated average of duration. However, our re- 
view shows that under usual circumstances, the 
duration in the simple acute case is twelve to 
thirty-two hours as compared to thirty-two to 
seventy-two hours in the typical case with 
perforation. (Fig. 2.) 

In spite of the tremendous decrease in 
mortality resulting from appendicitis, this 
achievement does not seem to be due to earlier 
diagnosis. In our 1945 to 1950 series the over-all 
incidence of perforation was 28 per cent, and in 
the under five age group, 60 per cent. In this 
present series, the total incidence of perforation 
is 26 per cent and in the younger group, 69 per 
cent. The high incidence of perforated appendix 
in children under five years is again a striking 
feature of the study and is very similar to 
experience elsewhere. Our analysis would 
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Fic. 2. Graph of duration of illness prior to operation related to simple acute 
appendicitis and to acute appendicitis with perforation, with comparison of 
duration in the age group under five years to the older age group. 


indicate that delay in diagnosis is here the 
principal etiologic factor rather than any 
change in rate of progression of the disease. 
(Fig. 2.) 

In spite of all publicity measures and warn- 
ings, as emphasized by Potts [7], there has been 
little change in the proportion of patients with 
ruptured appendixes entering the hospital. The 
responsibility for this delay cannot be placed 
entirely on the parents. It must be placed at 
least equally on the attending physician who 
may find no suspicious signs at one examina- 
tion but who fails to realize that within a few 
hours the characteristic picture of acute ap- 
pendicitis may be obvious. Delay in recogni- 
tion may be abetted by the administration of 
antibiotics which may seem to be a cure in some 
cases but which may be a jeopardy to life in 
others. Several examples in our review empha- 
size the conclusion that a doctor assumes great 
responsibility when he prescribes antibiotics 
for any abdominal complaint in a child. Hospital 
admission as a precaution may be the only way 
to decrease the number of perforations, as here, 
frequent observation, perhaps not feasible in a 
home practice, is simple and can be followed by 
prompt exploration. 

As already stated the other important prob- 
lem in acute appendicitis is the care of those 
seriously ill due to toxicity from peritonitis, to 
loss of protein, to hyperthermia and to impend- 
ing shock. Here lies the great advance in the 
treatment of acute appendicitis and the great- 
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est factor in reduction of mortality. The 
measures outlined must be vigorously pursued 
until the child can be subjected to operation 
with reasonable safety and then the same inten- 
sive program followed until the reaction has 
subsided. In spite of most careful treatment it 
is obvious that these patients will require longer 
hospitalization and that many will have 
complications which must be met as they 
develop. 


SUMMARY 


A review of 474 patients treated for acute 
appendicitis at the Denver Children’s Hospital 
over the five year period ending January 1, 1960 
is presented and compared to a similar study of 
patients treated prior to July 1950. In the later 
period, there were 367 patients with proved 
acute appendicitis of whom three died, an over- 
all mortality of 0.82 per cent. 

The report shows the difficulty of early 
diagnosis, particularly in the young child, and 
the lack of improvement in this regard. The 
relative proportion of perforations in the later 
series differs but little from that in the earlier 
group and emphasizes the need of greater 
suspicion, earlier hospitalization and more 
accurate appraisal of abdominal symptoms. 
From a practical standpoint, there is no mortal- 
ity in simple acute appendicitis but there is still 
significant mortality in complicated appen- 
dicitis. The specialized care of those desperately 
ill from perforation and peritonitis is outlined 
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1s the remaining means of keeping death from 
appendicitis at a minimum. 
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The Treatment of Intussusception 


AN EVALUATION OF SURGICAL AND OF BARIUM ENEMA REDUCTION 
IN A SERIES OF EIGHTY CASES 


Howarp B. KELLocG, JR., M.D. AND ALEXANDER H. BItt, M.p., Seattle, Washington 


From 
Washington. 


Children’s Orthopedic Hospital, Seattle, 

NTUSSUSCEPTION in infants and children has 

been a recognized clinical entity for cen- 
turies. The mortality prior to 1900 was well over 
80 per cent, the only survivors having had 
spontaneous reduction or slough of the intus- 
susception with fusion of the neck [1]. Hirsch- 
sprung first reported reduction utilizing con- 
trolled hydrostatic pressure in 1876 and, in 
1905, presented 107 cases with only 35 per cent 


mortality [2,3]. Following the development of 


the fluoroscope, visual control of reduction 
employing contrast media became standard 
practice in the Scandanavian countries and 
Australia [4-7]. Sporadic reports of attempted 
operative reduction appeared throughout the 
nineteenth century. Hutchinson [8] described 
the first recorded case in 1873. Surgical reduc- 
tion has remained the primary mode of treat- 
ment in most centers of this country [9-13]. 
The increased cognizance of this entity has 
led to earlier hospitalization of the patients and 
an associated improved condition for treat- 
ment. Modern surgical and anesthetic technics 


NO. CASES 


AGE IN MONTHS 12 18 24 36 48 


Fic. 1. Age and sex incidence. 
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along with better understanding of fluid and 
electrolyte problems have been followed by a 
rapid fall in the mortality. At present it is 
probably less than 1 per cent in well recognized 
centers in those cases without gangrene. In the 
face of these figures and realizing that reduc- 
tion utilizing controlled hydrostatic pressure is 
unsuccessful in one third to one half of the 
cases, it is simple to understand the reluctance 
of many physicians to employ this method. 
Ravitch [1], however, has pointed out that 
when the proper criteria are followed the pro- 
cedure is safe, and a high percentage of cures 
will result with much less morbidity than 
through surgical management. In order to 
assess the value of each method and establish 
criteria for the use of barium enema reduction, 
an analysis of all patients with intussusception 
admitted to the Children’s Orthopedic Hospital 
from January 1949 through December 1959 has 
been made. Eighty patients were treated dur- 
ing this time. 


STATISTICAL ANALYSIS 


Seasonal Incidence. A seasonal variation 
has been noted in the incidence of intussuscep- 
tion [1]. The most common peak, as reported in 
the literature, occurs during the summer 
months which is attributed to a greater fre- 
quency of viral infections during this period 
[74]. In our series, although an increase in the 
average number of cases was noted in June, the 
greatest rise appeared in February and March 
when 25 per cent of the patients were treated. 

Age and Sex Incidence. This disease pri- 
marily affects the infant, as can be seen in 
Figure 1. Sixty per cent of the cases occurred in 
babies less than nine months of age, and 80 per 
cent were less than two years old. The youngest 
child was five days old and the oldest was ninety- 
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TABLE 1 
CONCURRENT ILLNESS 


No. of | 


IIIness Patients| Per cent 
| 65 | 81.2 
Gastroenteritis......... 5 6.3 
Upper respiratory infection 5 | 6.3 
Poliomyelitis.......... I 
Surgery: | 
Hernia repair.......... call a 2.6 
Swenson pull-through. . 
100.0 


six months. The average age of the entire group 
was fifteen months with the median occurring 
at eight months. 

A predominance of male infants in a ratio of 
3:2 has been noted in most statistical studies 
[1,9,10]. A more equal distribution between the 
sexes was found in our series, there being forty- 
five (56.25 per cent) male and thirty-five (43.8 
per cent) female patients. 

Associated Illness and Nutritional State. 
Table 1 shows illnesses that occurred with or 
preceded the onset of the intussusception. In 
81.5 per cent of the patients, there was no 
history of previous sickness. Almost all were 
recorded as being well developed healthy- 
appearing infants. A history of gastroenteritis 
was reported in five cases, and an equal number 
of patients had an upper respiratory infection. 


Treatment of Intussusception 


Intussusception developed in four children 
recovering from a surgical procedure, and, 
interestingly, each was within the small bowel. 
This finding has also been noted in Hays’ [70] 
recently reported series. 

Symptoms. The most common complaint in 
our series was pain. (Table 11.) As most of these 
patients were infants, this symptom had to be 
an interpretation of signs perceived by the 
parents. In all, go per cent of the children were 
noted to be in pain prior to admission, and 70 
per cent presented this as the original complaint. 

In 77.5 per cent of the patients, a history of 
vomiting was obtained on admission. In most, 
vomiting began shortly following the first 
cramps, but in eighteen infants, or 22.5 per 
cent, it was the first symptom noted. Severe 
vomiting was present only in those whose illness 
was of long duration and was typical of 
mechanical obstruction. 

Rectal bleeding was evident in 63.7 per cent 
of patients. In two children, this was the first 
sign of intussusception. Bleeding began on an 
average of thirteen hours following the initial 
complaint, and in only one patient was it of 
sufficient amount to cause marked anemia 
(6.5 gm. per cent of hemoglobin). 

Other symptoms, such as diarrhea or obstipa- 
tion, were infrequent. Refusal of food occurred 
in thirteen cases, or 16.2 per cent. None of the 
patients were admitted with signs of shock. 

Physical Findings. Intussusception is typ- 
ified early in its course by the disparity be- 
tween symptoms and physical findings. Fever 
of significant degree is uncommon until late 


TABLE II 
SYMPTOMS 
Totals | Order of Onset 
S ‘ | First Second Third 
ymptoms 
No. of | 
Percent 
No. of No. of No. of 
| 0.0 0.0 0.0 
| | Per cent Per cent Per cent 
94 90.0 | 56 70. 13 16.2 3 4. 
62 | 77. 18 22. 34 42.5 10 12. 
Rectal bleeding. ...... 


Obstipation........ 5 6.2 | | | 
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NO. CASES 


0-6 7-12 13-18 19-24 25-36 
DURATION OF SYMPTOMS PRIOR TO Rx——» 


Over 36 


Fic. 2. Duration of symptoms prior to admission. 


when impairment of the vascular supply or 
perforation develop. Only 17.5 per cent of the 
patients had a temperature elevation over 
38°c., and in only one was it above 39°c. 

The most common finding was an abdominal 
mass which was palpable in forty-eight of 
eighty children, or 60 per cent of the total. 
Tumors were not felt in the remaining infants 
usually because of position of the lesion be- 
neath the liver. Intussusception within the 
small bowel is rarely palpable because of its 
small size and location among the loops of 
intestine [zo]. 

The presence of abdominal guarding was 
difficult to evaluate in an irritable restless child, 
and was noted in only 18.7 per cent of cases. 
When a mass was palpable, about half of the 
children were noted to show discomfort during 
the examination. Generalized tenderness and 
associated abdominal rigidity was found in one 
child who had early gangrene of the intus- 
susception at surgery. 

Laboratory and Roentgenograpbic Findings. 
Although rectal bleeding was present in two 
thirds of the patients, anemia was a rare 
complication. Only three children were found to 
have less than 10 gm. per cent hemoglobin. 

Of the fifty-two patients who had white 
blood cell counts prior to treatment, only 18.7 
per cent had an elevation above 15,000 per 
cu. mm. Twelve infants presented counts be- 
tween 15,000 and 20,000 per cu. mm., and in 
only three was the count above this level. 

Abdominal x-ray films were obtained for 
thirty-one of eighty patients at the time of 
admission. Thirty-two per cent of these films 
showed nothing abnormal. An additional 32 
per cent revealed distention and/or obstruction, 


TABLE UI 
TREATMENT 


No. of | 


Method A 
Patients | 


Per cent 


Primary surgery 
Primary barium enema 
Spontaneous reduction 


and the remaining 34 per cent showed absence 
of gas in the right lower quadrant or presence of 
a mass, 

Duration of Symptoms Prior to Admission. 
Figure 2 represents the time between onset of 
the initial symptom and when treatment was 
instituted. The average duration prior to 
treatment in this series was twenty-four hours, 
with a median occurring at twenty hours. The 
longest time interval was ninty-six hours, 
excluding two cases of “‘subacute intussuscep- 
tion”’ as defined by Hays [zo]. In 66.8 per cent 
of cases, treatment was started less than 
twenty-four hours from the onset of illness, and 
80.5 per cent before thirty-six hours. The 
greatest number of cases were first observed in 
the time periods between six and twelve hours 
and eighteen and twenty-four hours, with 
eighteen cases in the former and twenty in the 
latter. 

Treatment. The means of therapy are given 
in Table 11. No definite policy has been 
established in regard to attempted barium 
enema reduction, but in recent years this has 
been more frequently used. Hydrostatic reduc- 
tion was tried in 60 per cent of the cases, 
surgery was the primary treatment in 37.5 per 
cent and spontaneous reduction prior to 
therapy occurred in 2.5 per cent. 

Of the thirty patients treated primarily by 
surgery, twenty-nine were subjected to lap- 
arotomy and intussusception in one patient 
was reduced using the proctoscope (colocolic 
type). Surgical exploration, following un- 
successful hydrostatic reduction, was carried 
out in twenty-one patients; three additional 
laparotomies were performed on patients who 
were reported by the radiologist to have hac 
complete reduction, as this was questioned by 
the surgeon. A total of fifty-four patients, or 
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TABLE Iv 
RESULTS OF SURGICAL TREATMENT 
Method | No. of Per cent 
| Cases 
Reduction 40 74.0 
Spontaneous reduction: 
Diagnosis by mass in abdomen. 4 7.4 
Diagnosis by barium enema.... 4 7.5 


67.5 per cent of the total, underwent surgical 
exploration. 

Results of Surgical Treatment. Table iv 
summarizes the’results of surgical treatment of 
all patients, including those who had incom- 
plete reduction with barium enema. Manual 
reduction was accomplished in forty of fifty- 
four cases, or 74 per cent. Only six resections 
were required; three in the primary surgical 
group and three in those incompletely reduced 
by barium enema. The latter were all seen in 
less than twenty-four hours from the onset of 
illness. The presence of bowel believed to be 
nonviable was the reason for resection in each 
case. Only one of these was an irreducible 
lesion. 

Incidental appendectomy was carried out in 
80 per cent of the operative cases, and an un- 
related Meckel’s diverticulum was removed 
from two patients. 

Results of Barium Enema Treatment. Com- 
plete reduction of the intussusception was 
accomplished in twenty-seven of the forty- 
eight children, or 56.2 per cent of those in 
which this therapy was tried. (Table v.) Criteria 
for reduction by the radiologist included filling 
of the entire colon and reflux of the contrast 
media into the distal ileum. On occasion, reflux 
failed to occur, but the radiologist believed that 


TABLE Vv 
RESULTS O. BARIUM ENEMA TREATMENT 


No. of P . 
er cen 
Complete reduction...... 27 56.2 
Incomplete reduction............ 21 43.8 


Treatment of Intussusception 


TABLE VI 
RELATIONSHIP OF DURATION OF SYMPTOMS AND 
SUCCESS OF BARIUM ENEMA REDUCTION 


Treated Within Treated After 
30 Hr. 30 Hr. 
Reduction 
| No. of Pe No. of oe 
Cases er cent Cases er cent 
Complete re- 
duction...... 25 78.0 2 13.0 
Incomplete re- 
duction...... 8 22.0 13 87.0 


reduction was complete. These infants were 
followed carefully for signs of incomplete treat- 
ment. Three patients in this group had sub- 
sequent surgery, and intussusception in all of 
these was found to be reduced. 

A further breakdown of the cases in which 
hydrostatic pressure was employed is required 
to establish the period of time during which 
success can be expected. (Table v1.) There were 
thirty-three patients treated thirty hours be- 
fore the time of onset of symptoms. Of these, 
twenty-five intussusceptions were completely 
reduced. In fifteen patients in whom reduction 
was attempted after this period of time had 
elapsed, there were only two successes. Thus, 
78 per cent of intussusceptions treated within the 
thirty hour period were reduced, whereas only 
13 per cent treated after this time had a 
satisfactory outcome. 

Types of Intussusception. There are four 
anatomic ‘types of intussusception seen in 
infants and children. These have been classi- 
fied from the forty-nine patients having 
laparotomies with the presence of the lesion. 
(Table vit.) The ileocolic variety was observed 


TABLE VII 
ANATOMIC TYPES OF INTUSSUSCEPTION 
No. of 
Type Coon Per cent 
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Fic. 3. Treatment with barium enema. 


most frequently, occurring in thirty-six pa- 
tients, or 73.5 per cent of the cases. The remain- 
ing thirteen cases included five enteric, six 
ileoileocolic, and two colocolic, respectively. 

Complications. No complications developed 
in the patients treated successfully by barium 
enema. In those treated by a combination of 
hydrostatic reduction followed by surgery, two 
complications occurred. One child developed 
renal shut-down following a period of hypo- 
tension during surgery; a second had a wound 
abscess. There were five complications in the 
primary surgical group, all but one was of a 
minor nature. Two had wound abscesses, one 
developed diarrhea and one a thrombophlebitis 
secondary to a cut-down. The only death in this 
series occurred in an eight month old female 
child, whose illness began with diarrhea. Oper- 
ative therapy was instituted seventy-six hours 
after the initial symptom, and resection was 
required for an irreducible gangrenous intus- 
susception. One week following treatment, 
pneumonia developed and, in spite of extensive 
therapy, the infant succumbed on the four- 
teenth postoperative day. The mortality in 
this series was 1.3 per cent. 

Recurrence. Three infants had recurrences 
following surgical reduction. Two were treated 
successfully by barium enema, and the third by 
repeat surgery. The over-all recurrence rate 
following surgical therapy was, therefore, 6 
per cent. Four of the patients treated success- 
fully by barium enema had recurrence of the 


disease. An inverted Meckel’s diverticulum 
was the cause in two patients, and no etiology 
was found in the remaining two. One child had 
three recurrences of intussusception, the last 
being reduced surgically without finding a 
cause. Thus, 15 per cent of the cases treated by 
barium enema had recurrences. 

Etiology. A definite cause for intussuscep- 
tion was found in only three patients (3.7 per 
cent). Each of these had an inverted Meckel’s 
diverticulum. No polyps or duplications were 
encountered. Viral infections are suspected as 
an etiologic agent of this disease by many 
investigators. Although only ten patients had a 
known antecedent history of such an infection 
in this series, 55.5 per cent of the operative 
cases had marked mesenteric adenitis. Several 
patients were operated on within four to six 
hours from the onset of symptoms which 
probably rules out the possibility of adenitis 
occurring secondarily to the intussusception. 


COMMENTS 


Through the analysis of these cases, we have 
established criteria for the use of hydrostatic 
reduction of intussusception. These are dia- 
grammed in Figure 3. Contraindications are the 
presence of symptoms for more than thirty 
hours and/or signs of peritoneal irritation. 
Setting forth a time limit on the procedure is 
not through fear of its use but rather an 
appreciation of the limit of its effectiveness. 
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Working experimentally with dogs, Ravitch [1], 
found a high percentage of reductions in those 
animals in which treatment was administered 
eighteen and twenty-eight hours after onset. 
Two groups treated at thirty-eight and forty- 
eight hours were almost entirely unsuccessful. 
His data correlate well with our clinical 
experience. 

With signs of peritoneal irritation, hydro- 
static reduction becomes unsafe. Vascular 
occlusion or thrombosis with associated necrosis 
of the involved bowel could easily result in 
perforation, with even minimal intraluminal 
pressure. 

The presence of rectal bleeding in small 
quantity does not decrease the chances of 
successful reduction. Bleeding is evidence of 
venous stasis with increased mucosal capillary 
permeability, and possibly indicates a more 
severe lesion. However, in this series when 
bleeding was a frequent and early occurrence, 
no correlation was found between its presence 
and increased difficulty with hydrostatic 
reduction. 

A temperature elevation above 38°c. is 
usually a late finding and of grave significance. 
However, when fever was present and the 
symptoms had occurred for less than thirty 
hours, intussusception in three of four patients 
in this series was successfully reduced by 
barium enema. 

No correlation of an elevation of the white 
blood cell count with treatment by this method 
‘was observed. A markedly elevated count 
was further evidence of gangrene of the 
intussusception. 

Hydrostatic reduction should be attempted 
only in the hospital with the surgeon and the 
operating room both immediately available. 
(Fig. 3.) The height of the barium column 
should be limited to three feet, and prolonged 
efforts avoided. No complications have been 
found in this series with gentle manipulation of 
the abdomen during the procedure. At times, 
partially reduced lesions were completely cured 
by this technic. If, following two attempts with 
barium enema, no results are obtained, the 
procedure should be discontinued and the pa- 
tient taken to surgery. 

On rare occasions, there may be some ques- 
tion in the radiologist’s mind as to the com- 
pleteness of the treatment. In such instances, 
the child was retained in the hospital under 
careful surveillance for presence of symptoms; 
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no complications occurred. Following complete 
reduction by barium enema, the patient should 
be kept in the hospital overnight for observa- 
tion. In the few cases when an organic leading 
point such as a Meckel’s diverticulum has been 
reduced, recurrence will usually be evident 
during this time. 

The reason for employing barium enema 
reduction when surgical treatment is uniformly 
successful is, primarily, to avoid the morbidity 
and occasional mortality attendant with opera- 
tion. When the forementioned criteria are 
followed, no mortality or morbidity can be 
expected following barium enema reduction. 
Of lesser, but still significant, importance is the 
over-all cost of surgery with its longer hos- 
pitalization. This amounts to approximately 
five times that of controlled hydrostatic 
reduction. 


SUMMARY 


A statistical analysis of eighty cases of 
intussusception occurring in infants and chil- 
dren, treated either by barium enema reduc- 
tion or surgery, has been presented. Only one 
death occurred in this series. 

Criteria have been determined for the use of 
barium enema reduction through this analysis. 
A high rate of cure can be expected in those pa- 
tients treated in this manner, whose symptoms 
are less than thirty hours in duration and who 
show no evidence of peritoneal irritation. 

The factors of equal safety and of decreased 
morbidity by utilizing this method have been 
stressed. 
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6 yex incidence of imperforate anus is esti- 
mated to be 1:4,000 births [7]. This means 
there are about 500 babies born with the condi- 
tion annually in this country. It is not, there- 
fore, an anomaly which one meets often in 
private practice, but there are few conditions 
which challenge the skill and experience of the 
surgeon as does this one. The problem is not so 
much that of saving the child’s life. It is, rather, 
a problem of assuring the child a happy and 
socially acceptable life. A blundering, hasty or 
ill considered procedure may rob him of this 
chance, or make it possible only at the cost of 
prolonged and difficult operative procedures 
later. Results for many years have been dis- 
couraging. During the last ten years, however, 
reports have become somewhat more optimistic. 
Most surgeons who have not performed this 
procedure previously, or worked closely with it 
will rightly prefer to send the patient to one 
more experienced. We attempt herein to bring 
together the best recent thought on manage- 
ment of imperforate anus [10,12,15]. 

We will not go into the embryology here, as 
Patten [8], Wood-Jones [18] and Keith [4] have 
given full accounts of the known facts. Bill and 


TYPE I 


Johnson [1], Browne [3] and others [14] have 
offered theories which seem to explain some of 
the puzzling variations which are found. 

Of interest to us are those facts which bear 
most directly on the management of the several 
anorectal anomalies. Firstly, we know that the 
sphincter develops from the middle layer of 
embryonic tissue (mesoderm) quite independ- 
ently of the anus, which is formed from the 
skin and integument (ectoderm) and the rec- 
tum, or hindgut, which arises from the inner 
layer of embryonic tissue (entoderm). Sec- 
ondly, we know that accompanying imperforate 
anus there is usually a fistula connecting the 
anus or rectum to the genital or urinary tract, 
or to the outside as a remnant of the original 
common excretory channel or cloaca. The Ladd 
and Gross [5] classification of these anomalies is 
familiar to everyone. The importance of this 
classification is defining the types in order to 
plan better management. 


TYPES 


Type 1. The stenotic anus accounts for 5 
per cent of the anorectal malformations. (Fig. 
1.) In this type the anus is usually merely 
narrowed at or near the external orifice, or 
there may be a fibrotic ring a short distance up 
in the canal. Sometimes this narrowing is 


TYPE IZ 


Fic. 1. Both Type 1 and 1 are shown in this diagram. In Type 11, the distal 
end of the colon is well above the perineum. A fistulous tract enters the bladder. 
In Type tv, the anus and distal colon end blindly. 
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severe enough to cause partial obstruction. 
Diagnosis of Type 1 should be possible at birth 
by inserting a little finger in the anus. If it is 
overlooked at first, crying on defecation and 
constipation with some distention, dependent 
upon the degree of obstruction, will bring 
attention to the difficulty. Treatment consists 
of dilatations. If the stenosis is severe, dilata- 
tions will be very painful and should be started 
with the patient under an anesthetic, and kept 
up daily until a little finger can be inserted with- 
out real discomfort. Then the child may be 
allowed to go home with instructions for the 
mother to keep up these dilatations twice daily. 
The child should be examined by the doctor 
weekly to be sure that treatment is adequate 
to prevent recurrence of the stenosis or stric- 
ture formation. It may be that such treatments 
will have to be continued for some months. In 
case of a hard ring anoplasty may have to be 
performed. In some cases of stenosis in which 
treatment was unsuccessful, severe constipation 
and partial obstruction over a long period of 
time may result in megacolon. 

Type uu. The membranous type of imper- 


forate anus can be recognized easily in most 
cases by inspection when the child is about 
twenty-four hours old, but not before this time. 
(Fig. 1.) A thin bulging membrane through 


which the meconium can be seen as a dark 
shadow determines the diagnosis. This type 
accounts for about 10 to 15 per cent of anorectal 
anomalies. Treatment consists of simply a 
cruciate incision of the membrane followed by 
dilatations to prevent scarring with stricture. 

Browne [3] and Bill and Johnson [7] group 
this as a somewhat different entity. Browne 
calls it “covered anus,” while Bill and Johnson 
refer to it as a “‘median band.” It is an epithelial 
overgrowth which they explain as due to 
anterior fusion of the anal tubercles early in 
embryonic life. It may cover a normal anus but 
seems usually to represent an ectopic anus as 
there is frequently a fistulous connection to 
some other spot on the perineum. Treatment of 
this latter variety would be more difficult than 
that of the simple membranous type and, 
perhaps, should be classed with Ladd and 
Gross’ Type 111, which is really absence of the 
anus. 

Type 11. This is the most common, being 
found in 75 to 80 per cent of anal malforma- 
tions. (Fig. 1.) Diagnosis is made upon inspec- 
tion. There is no visible anus but there may be 


a depression or dimple where the anus should be 
and a darkening of the skin over the spot. When 
the baby cries or strains, the area may bulge. 
A pin prick will usually cause puckering since 
the sphincter is nearly always present and well 
developed. The more nearly normal the area 
appears, the better the outlook is for repair. It 
is imperative in this type to ascertain how far 
above the skin the rectal pouch lies. The 
clinical impression from examination of the 
perineal area may be misleading as to the 
closeness of the rectal pouch to the surface. 
Nearly all clinicians use the Wangensteen-Rice 
technic to determine this point [17]. This con- 
sists of inverting the baby for a few minutes 
and then taking roentgenograms with the baby 
still upside down. A lead marker is taped over 
the anal site. The distance between the air 
bubble in the terminal bowel and the marker 
indicates where the pouch lies. This may be 
erroneous too, especially in babies under 
twenty-four hours old, as the pouch may be so 
filled with sticky meconium that the air does 
not reach the end. Snyder and Chaffin [74] 
insert a No. 15 needle and aspirate. By measur- 
ing the distance to where the needle strikes gas 
or meconium they have a fairly good approxima- 
tion of the level of the pouch. Probably more 
harm is done in attempting perineal repair 
when the pouch is too high than in performing 
an abdominoperineal procedure unnecessarily. 

Type iv. (Fig. 1.) This is really a rectal 
atresia and occurs in about 5 per cent of anal 
malformations. The anus appears normal and 
only when digital examination is performed and 
the finger reaches a block, 3 to 6 cm. above the 
orifice, is the true state of things discovered. In 
too many cases it goes unrecognized until 
symptoms of acute obstruction supervene. Late 
diagnosis dooms many of these babies. If rectal 
examination were made a routine part of the 
pediatricians’ inspection of the newborn, some 
of these babies would be saved. 


COMPLICATING FACTORS 


When a diagnosis of anal anomaly has been 
made, the baby must be carefully examined for 
concomitant anomalies of other systems, for 
these add greatly to the mortality and mor- 
bidity. The average incidence of associated 
anomalies is given as 34 to 72 per cent, accord- 
ing to different authors. A baby with imperfo- 
rate anus may have multiple congenital defects. 
Those most commonly found in association 
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with malformations of the anus and rectum are 
anomalies of the urinary tract, congenital heart 
disease, skeletal anomalies often involving the 
spine in the lumbar and sacral areas and 
atresias elsewhere in the intestinal tract. Some 
of these conditions are incompatible with life 
and if correctible they have precedence over 
any definitive treatment of the anus. Probably 
that which comes to mind first is tracheo- 
esophageal fistula. Moore and Lawrence [6] 
reported that they routinely place a catheter in 
the esophagus and thread it down until it 
reaches the stomach, the position of which they 
verify when they take the Wangensteen-Rice 
roentgenograms. 

Prematurity is another hazard which has to 
be considered in planning treatment. Brayton 
and Norris’ series [2] from the Los Angeles 
Childrens Hospital gave its incidence as 14 
per cent. In the presence of prematurity or a 
birth weight of less than five pounds, only life 
saving measures are undertaken; that is, 
transverse colostomy. Definitive treatment is 
postponed until the infant has gained weight 
and become stabilized. 

It is well to remember that there is time in 
which studies can be made of the extent of the 
malformation. Nothing needs to be done for 
twenty-four hours or longer. If it appears that 
major abdominal surgery will be required, or 
even extensive perineal surgery, the child will 
fare better in the hands of one experienced in 
such surgical procedures. There are many 
centers throughout the country where he will 
receive the best of modern care. Rapid trans- 
portation is so readily available that we urge 
any surgeon who is unfamiliar with the manage- 
ment of anorectal anomalies to see that his pa- 
tient gets to such a center. The highest 
mortality figures accompany those procedures 
which are secondary to an unsuccessful attempt 
at perineal repair. Great morbidity, too, follows 
inexperienced efforts to establish an anal orifice 
which causes only stricture and stenosis. Once 
a hard scar has formed in the sphincter region, 
there is little hope of normal sphincter action 
thereafter. 

In planning management, besides determin- 
ing the level of the blind rectal pouch, it is 
important to know where fistulas are located. 
Nearly 100 per cent of patients with Type 1m 
have a fistula somewhere. If it opens on the 
perineum it can be seen. If not, it must be 
assumed to connect the rectum with the 


bladder or urethra in the male patient, or the 
vagina in the female patient. The low vaginal 
fistulas can be seen opening in the vestibule 
below the hymen. The high ones may sometimes 
be found with a ball-tipped probe. 

Some fistulas which open onto the perineum 
are large enough to permit decompression of 
the bowel or even to allow the passage of nor- 
mal stools. When such exist, operative treat- 
ment of the anal anomaly may be postponed for 
months or even years. Browne describes such a 
fistula as an ectopic anus. He believes, as do 
some others, that such a fistula is a physiologi- 
cally competent anus with nerve and muscle 
sphincter mechanism but misplaced in the 
course of development. Naturally this alters his 
concept of treatment. We have not been able to 
verify such cases in our hospital. 

Fistulas which are not seen can be detected 
by the presence of meconium on the diaper or 
by the passage of gas or meconium by urethra 
or vagina. 


MANAGEMENT OF RECTAL ATRESIA AND 
ABSENT ANUS 


The two types, atresia of the rectum and 
absent anus, present the most difficult problems 
in management. 

Atresia of the Rectum. Type tv is frequently 
overlooked in the infant who presents a normal- 
appearing anus. When obstructive symptoms 
become obvious and the physician investigates 
the cause, he performs a rectal examination 
only to find that the anus is a blind pocket. It 
is always easily reached by the little finger. 
There has been little written on the treatment. 
Even the number of collected cases are few. 
When the condition is diagnosed early, before 
distention of the distal loops occurs, an 
abdominal exploration is essential. If the baby 
is more than a few hours old or if his condition 
is precarious because of other anomalies or 
prematurity, colostomy using the left trans- 
verse colon is the method of choice. Otherwise, 
in a healthy baby, an anastomosis is ac- 
complished between the rectal and anal pouches. 
A pull-through type of procedure is advised. 

The high mortality in these infants seems 
chiefly to be due to late diagnosis. Attempts at 
perineal repair increase the mortality and 
morbidity. In cases in which the colon is 
already markedly distended, a_ preliminary 
transverse colostomy is advised and followed 
by the pull-through procedure when the baby’s 
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Fic. 2. With the baby on her back, the location of the 
anus has been previously marked by noting reflex 
contractions. (Adapted from: Potts et al. [g].) 


condition is good. In early cases, if the baby is 
in good condition, this can be performed safely 
at once. 

Absent Anus. As the most common and 
most controversial of these anal anomalies, 
absent anus or imperforate anus, Type 111 of 
Ladd and Gross, deserves most of our attention. 
Since these infants have no anus and our 
problem is to construct one for them, we must 
know first of all what the prospects are for a 
functioning anus. If the area is undeveloped, 
flabby or badly malformed, the outlook is poor 
and the likelihood is that nothing but a 
colostomy can be performed. If on the other 
hand a sphincter is present and the levators and 
buttocks are firm and contract well, there is a 
good chance of success. In determining the 
level of the rectal pouch, Scott and Swenson 
[13], Browne [3] and Stephens [16] classify these 
anomalies as “high” and “low,” according to 
the relationship of the pouch to the pelvic floor 
and the levators. Seen by roentgenogram in an 
accurate lateral view, a line drawn from the 
lower surface of the pubis to the sacrococcygeal 
junction defines the boundary between the high 
and the low level anomaly. To simplify decision, 
the usual admonition is to plan on an abdominal 
approach in any baby, who weighs over 5 
pounds and is in good condition, where the 
pouch, seen by the Wangensteen Rice technic, 
is 1.5 cm. or more above the skin. In general, all 
male babies with vesical or urethral fistula or 
with undiagnosed fistula and all female infants 
with high vaginal fistula should be explored by 
the abdominal route. In girl babies with a high 
vaginal fistula, Potts believes that at six 


months of age an attempt can be made to work 
through the perineum with preparation for an 
abdominal approach if the perineal approach is 
impossible. 

When to operate remains controversial. 
Obviously, if there is obstruction as in a high 
rectal pouch without external fistula, surgical 
correction must be performed within the first 
two days. When there is an external fistula 
adequate for bowel evacuation, nothing needs 
to be done for four to six months. It is seldom, 
however, that such an opening is sufficient 
except in females with a low vaginal fistula. 


METHODS 


My opinions are subject to revision, but at 
present they are as follows: In male babies, the 
perineal approach for low-lying anomalies is 
preferred unless the urine contains meconium 
indicating a rectourinary fistula. Either tem- 
porary colostomy or a pull-through procedure is 
indicated in high-lying anomalies. If the baby 
is 5 pounds or less or if the condition is not good 
or considerable delay (over forty-eight hours) 
has occurred, I prefer a temporary colostomy 
followed, in ten days in large babies or in six 
months in frail ones, by a pull-through pro- 
cedure and final closure of the colostomy. 

Experience and end results are gained slowly 
and most surgeons have so few personal cases 
that they cannot express an opinion. A colos- 
tomy with the second stage performed by an 
experienced surgeon is perhaps the best decision 
for even many well trained surgeons until they 
have assisted with at least eight cases. The 
over-all results must be improved and con- 
centration on the technical aspects must be 
sustained in order to achieve the goal. 

In the female baby with a rectovaginal 
fistula, the fistula is functionally adequate in 
many instances and, therefore, operation is 
postponed for four to six months, but rarely 
longer. During the waiting period, the fistula 
may have to be dilated occasionally and diet 
may have to be adjusted for soft stools. 
Impactions must be avoided, so the mother is 
instructed never to allow the infant to go more 
than twenty-four hours without a bowel move- 
ment. An enema can be given through a 
catheter inserted into the opening of the fistula. 

In preparing these infants for operation, the 
bowel must be sterilized by antibiotics ad- 
ministered orally. The evening before operation 
and on the morning of operation, the bowel is 
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Fic. 3. A, the transverse incision beneath the posterior fourchette of the vagina is retracted with rakes. The incision 
over the anus has been made. B, the posterior wall of the vagina is being lifted upward. The fistulous tract is identi- 
fied, the distal portion of the colon is being dissected posteriorly with scissors. C, the fistulous tract is held downward, 
the anterior wall of the rectum is being dissected off the posterior wall of the vagina. The rectum is being freed. 


(Adapted from: Potts et al. [g].) 


irrigated with saline until the solution comes 
back clear. 

Details of Technic in the Female Patient. 
With the baby on her back at the edge of the 
table (Fig. 2), an incision is made transversely 
immediately beneath the vaginal opening. 
(Fig. 3A.) After dissecting out the fistula both 
below (Fig. 3B) and above its junction with the 
vagina (Fig. 3C) and amputating it as close to 
the vagina as possible, the rectum is dissected 
free with great care from the vaginal wall 
anteriorly (Fig. 3C), from the caudal surface of 
the perineal body posteriorly and from the 
transverse perenei muscles laterally. The rec- 
tum should be dissected from the vaginal wall 
posteriorly far enough to allow length for later 
placement without tension. This requires quite 
extensive dissection. The proximal portion of 
the vaginal fistula is then picked up with Allis 
forceps through the spread sphincter muscle, 
as developed in Figure 4A, B and C, and drawn 
down behind the intact median raphe and 
through the anal sphincter (Fig. 5A) and 
sutured without tension to the skin. (Fig. 5B.) 
The use of No. 4-0 catgut for the skin to 
mucosa suture is recommended as there will be 
no sutures to remove. Excellent diagrams of this 
technic are presented in Pott’s article [g]. A 
rectoperineal fistula is handled in much the 
same way with a curved transverse incision and 
a separate incision over the anal region. 

Comments. When the new anus is made in 
all these procedures, it is advisable to make it 
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small with the intention of dilating it later, 
rather than too large which will leave it 
patulous and ineffective. Dilatation is usually 
started about ten days after operation. The 
mother is taught the technic and is told to 


Fic. 4. The technic for preservation of the anal sphincter 
and the development of the anal opening is indicated 
in A, B and C. (4A adapted from: Potts et al. [g].) 
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Fic. 5. A, the terminal portion of the fistula and the lower part of the rectum 
are being brought through the previously developed anus beneath the skin and 
perineal body. B, the distal portion of the fistula and rectum have been attached 
to the skin. The opening in the vagina and transverse incision beneath it have 
been closed. (Adapted from: Potts et al. [9].) 


employ it two to three times a week. For the 
next three months after operation, these babies 
are watched closely. Dietary control to achieve 
stools of just the right consistency is important. 
They must be soft enough to pass easily but 


not watery enough to cause excoriation of the 
skin. If they are too firm, impactions will occur 
and that is even worse. The mother is warned 
that the baby must have an evacuation daily 
and if he does not, she must give an enema. She 
is told to continue dilatations until her index 
finger passes easily past the first joint. This is a 
painful process in older children and is one of 
the chief reasons why it is advisable to operate 
early and finish this uncomfortable treatment 
before the child has any real memory of pain. 
Another reason is that he should begin as early 
as possible to learn the evacuation habit. 

In 1948, Rhoads, Pipes and Randall de- 
scribed a simultaneous abdominoperineal pro- 
cedure [11]. Norris et al. reported a similar 
technic in 1949 [7]. The advantage of this 
method lies in the ease with which freeing up of 
the rectum can be performed and the oppor- 
tunity it affords for exposing and obliterating 
fistulas. These authors advise doing it as soon 
as a diagnosis of high rectal pouch is made; that 
is, between twenty-four and forty-eight hours. 
This one stage procedure does away with the 
danger in two staged operations, in that when 


the time comes for the second stage the patient 
will not be in sufficiently good shape for it. It 
minimizes time in the hospital, and the high 
mortality associated with multiple procedure is 
eliminated. Scott and Swenson found that in 
performing perineal procedures for high level 
anomalies, 56 per cent of the patients required 
additional operative procedures. There are also 
dangers in this route, of course. Scott warns 
that the nerve and blood supply to that im- 
portant segment of bowel may be injured in 
freeing up the rectum. Such injury may destroy 
hope of achieving continence by abolishing the 
defecation reflex. Also, keeping the dissection 
close to the rectum will help to avoid injury to 
nerves of the bladder. A pathway must be 
created along the posterior wall of the sacrum. 
In performing the perineal part of the opera- 


_ tion, one should carefully separate the levators 


from the prostate and urethra in order to pull 
the rectum down anterior to the puborectalis. 
This maneuver simulates the normal position of 
the rectum and allows sphincteric action of the 
levators. 

Details of Technic in the Male Patient. As in 
the other procedures for anorectal anomalies, 
the sphincter must be identified and marked 
before operation. A catheter is inserted in the 
bladder and fastened there. (Fig. 6.) Before the 


abdominal incision is made, a small transverse 
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w longitudinal incision is made over the 
sphincter. The sphincter fibers are outlined, if 
possible, and the sphincter dilated, first with a 
hemostat (Fig. 4A) and then with the little 
finger (Fig. 4B) and finally with the index 
finger. (Fig. 4C.) Following the sacrococcygeal 
curve, the finger is worked upward for a dis- 
tance of about 2 cm. If the bulging bowel is not 
readily identified at this point, a left transverse 
or left paramedian incision is made on the 
abdomen. (Fig. 6.) If the sigmoid is distended it 
can be deflated with a large needle and the 
resulting hole closed with a stitch. An atrau- 
matic clamp prevents its refilling. With the 
rectum empty, it is then dissected free of its 
lateral and posterior attachments. (Fig. 7A.) 
Any fistulous connections between rectum and 
bladder are found and divided with particular 
care. As each cut is made it is closed with 
interrupted sutures. (Fig. 7B.) Catgut is used 
on the bladder side and silk on the bowel side. 
Tight closure of the bladder should be tested, 
as Potts suggests, by injecting sterile water 
through the catheter. Having freed the bowel, 
a hemostat is inserted through the middle of 
the sphincter and, keeping close to the hollow 
of the sacrum, worked up to where it can catch 
the sutures left long on the end of the bowel. 
This is then brought down (Fig. 8) through 
the sphincter and the edges sutured to the skin. 
If it is too long, some of it may have to be 
trimmed off. Gastric suction will be necessary 
for twenty-four hours or longer. Recently, a 
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Fic. 6. The baby lies on his back at the edge of the 
table. A transverse incision over the predetermined site 
of the anus has been made. The development of this 
portion of the operation is shown in Figure 4. The 
transverse abdominal incision is also indicated. (Adapted 
from: Potts et al. [{g].) 


gastrostomy has been performed at the time of 
the original operation. 
POSTOPERATIVE TREATMENT 


Anal dilatations and so on have been men- 
tioned under methods. Much has been learned 
in recent years about the fluid requirements of 


Fic. 7. A, the distal portion of the sigmoid and rectum is on the left. An in- 
cision in the peritoneum around the rectum is indicated. B, the rectovesical 
fistula has been closed and the distal portion of the colon freed. (7B adapted 
from: Potts et al. [g].) 
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Fic. 8. The freed colon is now brought through the 
previously developed anal sphincter. 


infants. It is far safer to underestimate them 
than to overestimate them. Half normal saline 
solution is used to replace gastric drainage 
volume for volume. After two days if parenteral 
fluids must be continued, the potassium require- 
ments will have to be met. Antibiotics and 
vitamin K aye given for a number of days. 
Fluids are given orally when distention has 
ceased and meconium is passing. Before the 
baby leaves the hospital, it is wise to perform 
an intravenous pyelogram to rule out anomalies 
of the urinary tract. 


RESULTS 


In recent years, the handling of newborns 
receiving operative treatment has been im- 
proved. Greater understanding of electrolyte 
balance and the fluid needs of these tiny pa- 
tients, control of infections by antibiotics and 
increased skill in anesthesia have all contributed 
to the achievement of surgical successes which 
were impossible twenty or even fifteen years 
ago. Correction of congenital abnormalities, 
however, probably has inherent limitations in 
many instances due to the nature of the malfor- 
mation or closely related malformations or to 
the poor constitutional makeup of an irreduci- 
ble minimum of individual patients. 

There is no doubt that the high level anoma- 
lies offer the poorest chance of good functional 
results. This is particularly true when they 
have been subjected to an unsuccessful attempt 
at perineal repair. Inadequate mobilization of 


the rectum with too much tension, and damage 
to the sphincter with resultant scarring reduce 
whatever chance there would have been for a 
good result. In such cases the simultaneous 
abdominoperineal approach affords the best 
chance of obtaining a workable sphincter. 
Moreover, one of the besetting problems in 
cases of a high level anomaly, such as the 
fistula, can be eliminated best by this approach. 
If fistulas are closed through the perineal route, 
they frequently recur; whereas, if closed 
through the abdomen it is possible to obliterate 
them permanently. 

Functional results are hard to evaluate. It 
requires a close follow-up for several years 
until the child has reached the age of control, 
and in these children that age is more ad- 
vanced than in the normal youngster. Girls 
with a low level anomaly treated by perineal 
operation, can be expected to be toilet trained 
by three years of age. Boys, after an ab- 
dominoperineal operation, may be much slower. 
If they can control their bowels by the time 
they reach first grade, they are doing well. 

However good the anatomic result, there is 
much to be done after operation to assure good 
function. The remaining task is the mother’s, 
and good results must be attributed to her pa- 
tience and faithfulness in following the doctor’s 
directions. When we consider what patience is 
needed to train the normal child in good toilet 
habits, we realize how much more credit should 
be given to the mothers of these children when 
at last some degree of continence has been 
achieved. 


SUMMARY 


The usual type of imperforate anus in the 
female baby can usually be repaired at six 
months of age by the perineal approach illus- 
trated in this article. The usual type of im- 
perforate anus in the male infant with a recto- 
vesical fistula can be repaired at one to two 
days of age by an abdominoperineal pull- 
through procedure. Both types of imperforate 
anus require special technic which is best ac- 
complished by one experienced in these opera- 
tions. Rapid transportation usually makes this 
possible. If delay is necessary in instances of 
the latter type, a transverse colostomy is much 
preferred to an inexperienced attempt at repair, 
as no amount of skill is likely to achieve good 
results with the second attempt. 
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Philadelpbia, Pennsylvania. 


eo use of temporary abdominal colostomy 
in the newborn infant can be life saving if 
the surgeon understands the many problems 
peculiar to colostomy in this young age group. 
When should colostomy be performed? What 
segments of the colon should be exteriorized? 
What special precautions should be taken when 
it is constructed? What other information 
should be obtained when the abdomen is open? 
How can complete diversion of the fecal stream 
be insured, or is this necessary? What is the 
best way to care for the tender skin around a 
colostomy? What later problems might be en- 
countered with colostomy as the infant grows? 
When can these colostomies be closed? 

It is soon apparent that the answers to these 
questions are quite different for a newborn 
requiring colostomy than those given for an 
adult. 


INDICATIONS 


An infant born with imperforate anus or 
Hirschsprung’s disease (aganglionic megacolon) 
may be a candidate for colostomy. These two 
congenital situations, one purely anatomic and 
the other concerned with pathologic physiology, 
will be considered separately. 

Imperforate Anus. It is seldom necessary to 
consider performing colostomy when managing 
imperforate anus in the female infant. Most 
female infants have a functioning fistula asso- 
ciated with atresia of the anus. This fistula may 
be situated in the posterior wall of the vagina, 
at the posterior fourchette of the introitus, or 
in the perineal body somewhat anterior to the 
position of a normal anus. Such a fistula can, if 
necessary, be dilated to decompress the colon 
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adequately. As an elective procedure, perineal 
anoplasty can then be performed either early 
during the newborn period or a few months 
later if the surgeon believes that the procedure 
can be more easily executed when the infant 
is somewhat larger and the perineal tissues are 
less friable. A female infant might be a candi- 
date for abdominal colostomy if there was no 
fistula and a primary abdominoperineal pro- 
cedure was not feasible. Other pelvic anomalies, 
such as an anterior meningocele, might also 
serve as an indication for temporary colostomy. 

The male infant with an imperforate anus 
presents a completely different problem and the 
surgical management will vary depending upon 
the type of deformity. If there is an associated 
perineal fistula or if the blind rectal pouch is 
within 1.5 cm. of the anal dimple (as demon- 
strated in a lateral upside down roentgenogram 
taken at twenty-four hours of age), a perineal 
anoplasty can and should be performed as a 
primary corrective procedure [z]. If the 
distance between the metal marker on the anal 
dimple and the gas shadow in the rectal pouch 
is more than 1.5 cm. an abdominoperineal 
anoplasty is necessary. It must then be decided 
whether this combined approach with full 
correction of the deformity [2] should be under- 
taken in the newborn infant or whether it would 
be wiser to delay the repair until later and 
perform a temporary abdominal colostomy. Un- 
doubtedly, the surgeon’s experience and the 
available anesthesia and postoperative care for 
such a newborn infant must be considered. 

At The Children’s Hospital of Philadelphia a 
colostomy would be performed rather than an 
abdominoperineal anoplasty if the infant were 
premature with a weight at birth of under five 
pounds, or if there was delay in diagnosing the 
obstruction with resultant abdominal disten- 
tion and a “poor risk” baby. Colostomy would 


a 
“4 


Colostomy in the Newborn 


also be undertaken if there were complicating 
medical problems or other unrelated, but life- 
threatening congenital defects that required 
surgical correction. 

Hirschsprung’s Disease. Soon after Swenson 
and others clarified the pathologic physiology 
of Hirschsprung’s disease, the abdomino- 
perineal pull-through procedure with preserva- 
tion of the sphincters was used to resect the 
aganglionic segment of the colon [3-5]. This 
procedure was performed on many infants dur- 
ing the early months of life but the morbidity 
and mortality rates were high due not only to 
technical problems but also to frequent post- 
operative complications. Many of these infants 
developed severe enteritis with uncontrollable 
diarrhea during the postoperative period. With 
this experience, it is now considered safer to per- 
form a diverting colostomy once the diagnosis 
of Hirschsprung’s disease is established [6]. The 
definitive abdominoperineal resection and pull- 
through procedure is postponed until the infant 
weighs about twenty-five pounds. It is impor- 
tant to remember that an overfed six to eight 
month old infant may have the necessary gain 
in weight but still be a poor candidate for a 
bowel resection; therefore, we require not only 
the gain in weight but a lean youngster usually 
over one year of age. 

If the infant has definite signs of intestinal 
obstruction, there is little argument that 
a colostomy is indicated. However, there 
is a difference of opinion concerning the 
need for colostomy if the newborn or small 
infant with Hirschsprung’s disease has only 
mild symptoms of constipation [7,8]. We believe 
that such an infant should have a colostomy 
performed electively, since it is not uncommon 
for him to do well for a period of time and then 
suddenly develop severe uncontrolled colitis 
which may be fatal in spite of the use of colos- 
tomy then performed as an emergency pro- 
cedure. We have believed ourselves on safer 
ground, once the diagnosis has been made, in 
performing a colostomy and awaiting the defini- 
tive procedure as outlined previously. 


SITES FOR COLOSTOMY 


Imperforate Anus. The left transverse colon, 
rather than the sigmoid colon, is the site of 
choice when an infant with imperforate anus 
needs a colostomy. If the sigmoid colon is 
exteriorized, there may be inadequate length of 
the colon distal to the colostomy to reach the 


perineal skin without tension at the time of the 
abdominoperineal anoplasty. In such a case, the 
sigmoidostomy must then be taken down which 
may not only sacrifice the colon distal to it, but 
unnecessarily contaminates a procedure which 
should be a clean one. When a transverse 
colostomy is used, it is a simple matter to 
exclude the dirty colostomy during definitive 
corrective surgery. It can then be closed after 
anoplasty has been performed and the lower 
abdominal wound has healed completely. 

Hirschsprung’s Disease. It has been our 
choice to do right transverse loop colostomy 
for most cases of aganglionic megacolon. When 
the definitive pull-through procedure is exe- 
cuted later, the colostomy serves as a proximal 
decompressing vent and the rectosigmoid resec- 
tion can be performed with a clean segment of 
bowel, free of feces. With colostomy in the right 
transverse colon, it is possible to mobilize the 
entire descending colon and the splenic flexure 
to allow the bowel to reach the pelvis for a 
tension-free anastomosis. If the left transverse 
colon is exteriorized for colostomy, there are 
occasions when adequate length of bowel distal 
to the colostomy is lacking for the necessary 
resection and anastomosis. 

Only in cases in which the aganglionic seg- 
ment is unusually long, with the transitional 
zone in the descending colon, at the splenic 
flexure or higher, do we recommend exterioriz- 
ing the bowel at the site of transition from 
aganglionic to normally innervated colon. If the 
transitional area of the colon is exteriorized, the 
colostomy must, of course, be taken down at the 
time of the pull-through procedure which ex- 
poses the peritoneal cavity to contamination 
and eliminates the safety of a proximal vent 
after the resection and anastomosis is per- 
formed. It is, nevertheless, recommended when 
dealing with an unusually long segment of 
aganglionic bowel for then there is an intact 
right colon which will more easily reach to the 
pelvis for the anastomosis and all the normally 
innervated bowel is thereby saved. 

It is seldom necessary to exteriorize the 
ascending colon or cecum, but this has been 
done when the transitional zone of abnormal 
and normally innervated colon extends this far 
proximally. Such colostomies may be difficult 
to manage due to water and electrolyte losses, 
which is not a problem when colostomy has been 
made either in the right or left side of the 
transverse colon. 
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Fic. 1. Recommended incision for a left transverse loop 
colostomy in a newborn infant (perforated line for 
right transverse colostomy). 


TECHNICS OF CONSTRUCTING THE COLOSTOMY 


The same technical problems present them- 
selves whether a right or a left transverse loop 
colostomy is performed 

General inhalation anesthesia is used and a 
transverse skin incision is made starting just 
medial to the lateral border of the rectus 
muscle and extended laterally. This incision is 
approximately halfway between the umbilicus 
and the costal margin. (Fig. 1.) The incision is 
deepened and the lateral portion of the anterior 
rectus fascia is opened and some of the most 
lateral fibers of the rectus muscle are divided 
transversely. The external oblique, internal 
oblique and the thinned out transverse ab- 
dominus muscle are opened from this point 
laterally. Finally, the small portion of exposed 
posterior rectus fascia with its peritoneum is 
opened to the full extent of the incision, again 
in a transverse direction. 

Care must be taken to avoid delivering the 
sigmoid colon which in the small infant can arch 
high into the upper part of the abdomen. The 
transverse colon is, of course, recognized with 
certainty by the attachment of the very filmy, 
almost fat-free omentum. Ordinarily, the 
transverse colon on either the right or left is 
fairly mobile and there is no difficulty in 
delivering a generous loop of it through the 
incision. If trouble is encountered, the gastro- 
colic omentum is partially opened both medially 
and laterally allowing easier mobilization. The 
transverse colon can be quite dilated and thin- 


walled in the presence of intestinal obstruction, 
and care must be taken not to tear it by rough 
handling or by the application of a Babcock 
intestinal forceps. The mesentery is perforated 
immediately adjacent to the colonic wall in an 
avascular spot, and a rubber tube is placed 
through this rent in the mesentery so that it can 
be used for traction in further manipulation of 
the colon. (Fig. 2A.) This rubber tubing will be 
used later with an attached glass or plastic rod 
to form a ring holding the loop of colon out on 
the closed abdominal wall. 

Contrary to teachings referring to surgery in 
adults [9g] it is essential that the seromuscular 
coats of the colon be sutured to the peritoneum. 
For this an atraumatic No. 5-0 braided silk 
suture (arterial silk) is used. Great care is taken 
to avoid tearing a hole in the thin wall of the 
colon while these interrupted sutures are placed 
and tied. It is important to take a triangular 
stitch including peritoneum and each limb of 
the colonic loop at the point where the two 
limbs of the loop are in contact with one 
another. (Fig. 2A.) These two triangular 
stitches, one superiorly and one inferiorly, are 
essential to prevent a postoperative eviscera- 
tion of other intestinal loops which may easily 
occur when the colon is opened and decom- 
pressed with resultant shrinkage to perhaps one 
half or less of the space it occupied at the time 
the loop was exteriorized. Once the peritoneum 
is closed around the loop (Fig. 2B), the various 
layers of the abdominal wall are then allowed to 
fall back around the colon and the anterior 
rectus fascia and the external oblique apon- 
eurosis are again sutured to the seromuscular 
coats of the bowel with interrupted fine 
atraumatic silk sutures. (Fig. 2C.) This gives 
additional protection against dehiscence as the 
relatively large colonic loop emerges through 
the thin abdominal wall which is probably only 
4 or 5mm. thick. The skin is then allowed to fall 
in contact with the colon and one or two 
interrupted skin sutures are taken on either side 
to allow early sealing of all the skin edges to the 
colon. (Fig. 3A.) 

A rod, preferably of plastic, is attached to 
each end of the rubber tubing and is slid 
beneath the colon and allowed to lie flat on the 
abdominal wall in the longitudinal’ plane. 
(Fig. 3A.) Dry gauze is wrapped around the 
colostomy. 

Occasionally it is wise, once the abdomen is 
closed, to insert a multiholed catheter into 
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Fic. 2. A, loop of transverse colon manipulated by a ring of thin rubber tubing. Tri- 
angular silk suture between each limb of the colon and the peritoneum. B, interrupted 
No. 5-0, atraumatic braided silk sutures carefully attaching the peritoneum to the 
seromuscular layers of the colon. C, deep fascia sutured to colon in a similar way. 


Fic. 3. A, skin incision loosely closed. Glass or plastic rod, with attached rubber 
tubing, lying flat on abdominal wall. B, catheter decompression of the colon 
used, if necessary, before it is safe to have an open colostomy. C, full thickness 
wedge biopsy of colostomy wall in cases of Hirschsprung’s disease. 
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the proximal limb of the colostomy and secure 
it with a purse-string suture. (Fig. 3B.) This 
is done only if the colon is tremendously dis- 
tended and there is either a fear of perforation 
or the need for immediate decompression of ab- 
dominal distention. The catheter can be left in 
place until the colostomy is opened twenty-four 
or thirty-six hours later. 

In patients with Hirschsprung’s disease it is 
helpful to have a full thickness biopsy specimen 
of the colon taken from the site of colostomy. 
(Fig. 3C.) This is best done at the time of the 
procedure since the colon may show a confusing 
inflammatory reaction if the specimen is taken 
later. If such a biopsy specimen is taken, the 
biopsy site should be closed with mattress 
sutures that can be removed later when it is 
safe to have an open colostomy. 


ADDITIONAL INFORMATION OBTAINED AT THE 
TIME OF COLOSTOMY 


When dealing with aganglionic megacolon, 
worth-while additional information can be 
obtained at the time the colostomy is made. It is 
helpful to perform a biopsy of the apparent 
transitional zone where, presumably, the 
ganglion cells either diminish in number or are 
absent as well as a site proximal and distal to 
this transitional zone. This can be done, if the 
infant is in satisfactory condition, through a 
separate left lower quadrant transverse incision. 
A small elliptical biopsy specimen can be taken 
which includes serosa and both muscular coats 
but does not open the mucosa. Such specimens 
are examined for ganglion cells after permanent 
paraffin sections have been prepared and thus 
we know exactly how much bowel should be 
resected later when the pull-through procedure 
is done. 

These various biopsy sites are marked with 
silk sutures using a different number of inter- 
rupted sutures at each site so that future 
recognition of the various biopsy sites will be 
possible. The specimens must be carefully 
labeled and it is wise to have a drawing of the 
colon attached to the operative record with the 
number of sutures closing each biopsy site as 
well as their relative position. 

It must be remembered that once the colon 
has been decompressed with a proximal colos- 
tomy, the difference in caliber of the upper 
normally innervated colon and the lower 
abnormally innervated collapsed bowel dis- 
appears. Without an obvious zone of transition 
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it is difficult to know how much bowel should 
be resected unless biopsies have been performed 
previously and the permanent slides studied. 
If biopsies have not previously been performed, 
one must resort to frozen section study of 
biopsies taken at the time of the pull-through 
procedure and these may be difficult for many 
pathologists to interpret correctly. 

When performing colostomy on an infant 
with imperforate anus, no further procedures 
should be undertaken at the time. It is im- 
portant not to disturb the pelvis in an effort to 
ligate an associated fistula into the bladder or 
urethra. This is not necessary provided colos- 
tomy completely diverts the fecal stream and it 
is desirable to avoid any scarring in the pelvis 
until such time as the corrective abdominoper- 
ineal anoplasty can be done. 


OPENING OF THE COLOSTOMY AND AFTER-CARE 


The infants should be kept on constant 
nasogastric suction until the colostomy is 
opened. Opening of the colostomy should be 
delayed for at least twenty-four hours or 
preferably for forty-eight hours, if the abdomen 
is not too distended, to allow sealing of the skin 
to the colonic wall before fecal contamination 
occurs. 

The colostomy is best opened by a relatively 
small incision parallel to the long axis of the 
bowel. This can be performed with a cautery 
needle or the area can be crushed with a hemo- 
stat and the opening made through the crushed 
segment in order to minimize the bleeding. 
Hemostatic catgut sutures can be taken around 
the edge of the colostomy if necessary. 

If a proper longitudinal opening has been 
made, the wall of the colon will evert, both 
medially and laterally producing two distinct 
openings. With the plastic or glass rod holding 
the intact back wall of the colostomy above the 
abdominal skin, the proximal functioning open- 
ing tends to eject the fecal stream away from the 
small distal opening. It is essential that the rod 
be left in place for a month, six weeks or even 
longer in order to fix the colostomy in this posi- 
tion and insure that the fecal stream will be 
diverted completely. If the rod is removed too 
soon, the back wall of the colostomy may well 
pull posteriorly and there will be fecal overflow 
into the distal lumen. 

Once the colostomy is well established, the 
distal defunctionalized colon should be irrigated 
with saline to remove any retained feces or 
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barium that might have been used during the 
preoperative studies. Further collection of fecal 
debris should not occur if the colostomy func- 
tions adequately. 


COMPLICATIONS AND CARE OF THE 
COLOSTOMY SITE 


Evisceration. Evisceration is prevented by 
the careful construction of the colostomy and 
suturing both the peritoneum and the deep 
fascia to the seromuscular coats of the bowel as 
previously described. The possibility of dehis- 
cence is also minimized if the colostomy is left 
unopened for the first twenty-four or forty-eight 
hours which lessens the chances of infection in 
the wound. 

Transection of the Colon by the Rod. If the 
loop of colon has been brought out under ten- 
sion, the rod tends to cut through the colon 
which eliminates the humping up of the 
posterior wall that is so important to insure 
adequate diversion of the fecal stream. Longi- 
tudinal opening of the colostomy is also im- 
portant since this leaves a broader segment of 
colonic wall overlying the glass or plastic rod. 

Prolapse of the Colostomy. Either the proxi- 
mal or distal limb of the colostomy can 
prolapse, but the distal limb seems to prolapse 
most frequently. Suturing the colonic wall to 
the peritoneum and deep fascia may be impor- 
tant in lessening the possibility of prolapse 
later. Although such prolapses are unsightly 
and can bleed from time to time, they are 
ordinarily not dangerous and do not require 
revision of the colostomy. 

Stenosis of the Colostomy. It is surprising 
that an infant’s colostomy rarely becomes 
stenotic. Probably this is due to the relatively 
large size of the colostomy in proportion to the 
total size of the abdomen and the fact that the 
colostomy is temporary and is necessary for 
only a year or more. With the method described 
previously, stenosis has not been a major 
problem. 

Nutritional, Fluid and Electrolyte Problems. 
In using transverse loop colostomies on either 
the right or the left side, fluid or electrolyte 
losses have not been excessive. The stools pro- 
duced by these colostomies are almost as firm 
as stools passed through a normal infant’s 
rectum. In our experience, only if a colostomy 
is placed proximal to the right transverse colon 
will there perhaps be excessive losses. 


Care of the Skin around Colostomy. The care 
of the skin around colostomies in small infants 
has not been difficult provided the mother 
changes the dressing at least every two hours 
and washes the area carefully. When excoriation 
does occur, it can generally be cleared up 
quickly by leaving the colostomy exposed to the 
air. The application of heat from an ordinary 
light bulb held in a goose neck lamp over the 
area will aid the healing of any area of irritation. 
Drying powders, such as Kaolin, have been 
very helpful and ordinarily are of more help 
than the innumerable protective ointments that 
frequently are used. 

It must be realized that the infant, whether 
he stools through a colostomy or a normal anus, 
generally has stool in contact with a portion of 
his skin for lengthy periods of time and perhaps 
the cleansing of the skin surrounding a colos- 
tomy is easier than the cleansing of the in- 
numerable folds of an infant’s perineum. 


CLOSURE OF COLOSTOMY 


Since most colostomies in infants are in the 
upper abdomen and involve the transverse 
colon, they are left undisturbed until the 
definitive corrective surgery is performed. In 
the infant with imperforate anus, generally the 
definitive abdominoperineal anoplasty is per- 
formed when the patient is between nine and 
twelve months of age, whereas the pull-through 
resection and anastomosis for Hischsprung’s 
disease is performed when the infant weighs at 
least twenty-five pounds and is over one year of 
age. If the infant has tolerated the definitive 
surgery well, the colostomy can be closed a week 
or ten days later during the same period of 
hospitalization. If there have been any prob- 
lems complicating corrective surgery, closure of 
the colostomy may be deferred, but it is 
desirable to have feces going through an 
anastomosis or the newly constructed anus as 
soon as possible, since the passage of the stool 
undoubtedly has a dilating effect. 

Ordinarily these colostomies in infants are 
closed by resection of the exteriorized colon and 
a fresh, intraperitoneal, open, end to end 
anastomosis. Occasionally, it is possible to trim 
the exteriorized edge and do an extraperitoneal 
closure leaving the posterior wall undisturbed. 
In the absence of distal obstruction such 
closures, done either way, are generally un- 
complicated and infection of the abdominal 
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wound seldom occurs if the subcutaneous tissue 
is drained for twenty-four to forty-eight hours. ‘ 
SUMMARY 


There are definite indications for the use of a 
temporary abdominal colostomy in newborn 
infants. The construction, care and complica- 
tions of these colostomies present problems 
which are unique to this age group. 
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Exstrophy of the Urinary Bladder 


Tacue C. CuisHoim, m.p., Minneapolis, Minnesota 


| Nseernatand oF the urinary bladder is not a 
common anomaly (about one in 30,000 
births [z]). When it occurs, there is no other 
congenital abnormality which is more complex 
or repulsive to lay and professional people alike. 
In both male and female patients, the ex- 
strophied urinary bladder is accompanied by a 
complete epispadius together with varying 
degrees of diastasis symphysis and diastasis 
rectus. The total complex is a real challenge for 
professional management. 

Except for sporadic and, for the most part, 
unsuccessful attempts to reconstruct the ex- 
strophied urinary bladder, previous efforts have 
employed temporizing procedures such as 
ureterosigmoid transplants with cystectomy. 
Although manageable, these did not go to the 
heart of the several problems. 

Beginning in 1948, a group of Minneapolis 
physicians organized a team to approach this 
anomaly complex with a mind towards ana- 
tomic and physiologic reconstruction. Since 
1949, we have seen thirty-five* cases of exstro- 
phy of the urinary bladder in which we have 
reconstructed twenty-seven. Our methods are 
still evolving. After starting off with a one stage 
method, we now employ two stages. This 
presentation illustrates results from both the 
one stage and the two stage reconstructions 
with some tentative comments regarding the 
over-all challenge. 


THE TEAM 


The method of reconstruction evolved and 
the results in twenty-seven patients are the 
fruits of an effort by the following team: Dr. 
Stanley Weslowski, anesthesiologist; Drs. Willis 
Thompson and Eldon Berglund, pediatricians; 


* There have been seven additional cases since this 
manuscript was submitted. 

¢ Drs. Stuart Lane Arey, Robert Gibbs and Theodore 
Smith were the pediatricians for three patients in the 
series. 


Drs. Theodore H. Sweetser and Theodore H. 
Sweetser, Jr., urologists; Dr. Harvey O’ Phelan, 
orthopedic surgeon; and Drs. Bernard J. 
Spencer and Felix A. McParland, my associates 
in pediatric surgery. Strategy for each case was 
mapped out in advance by the entire team. 
Discharge summaries and follow-up reviews 
were evaluated by the total group. No major 
change in plans was made without unanimous 
consent. 

Special credit is given to Dr. Theodore H. 
Sweetser, Sr. He has been the catalyst for the 
entire effort. During the past eleven years, with 
both failures and successes, his enthusiasm and 
wisdom have been a continuing inspiration to 
the younger men struggling with this clinical 
challenge. 


ONE STAGE RECONSTRUCTION 


Case1(No. 11). B.D. was eighteen months of 
age when she was brought to us from Cleveland, 
Ohio. She had a large exstrophied urinary bladder 
(Fig. 1) measuring 7.4 by 9.0 cm. across the base 
of the fascial defect. On straining, the bladder 
everted 3.5 cm. above the level of the surrounding 
abdominal wall. With the patient relaxed, the 
examiner’s index and middle fingers inverted the 
bladder 3.5 cm. The urethra was completely 
epispadic along with a cleft clitoris. The two arms 
of the symphysis pubis were 5.5 cm. apart. The two 
rectus muscles were diastatic. The intervening 
triangular abdominal wall defect was large and 
consisted only of skin, attenuated fascia and 
peritoneum. 

Preoperative blood urea nitrogen was normal. 
Intravenous pyelograms demonstrated normal 
renal collecting systems with normal ureters. 

On March 31, 1955, a one stage reconstruction 
of the exstrophied urinary bladder was performed. 
A polyethylene cut-down in the ankle vein per- 
mitted giving Pentothal® and Flaxedil® intra- 
venously. Nitrous oxide, oxygen and ether were 
given through an endotracheal tube. The measured 
blood loss was replaced during the operative pro- 
cedure (460 cc.) together with 275 cc. of 5 per cent 
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Fic. 1. Large exstrophied urinary bladder with wide 
diastasis of symphysis pubis and of rectus muscles and 
with bifid clitoris. 


dextrose in water. Surgery began at 7:45 A.M. and 
finished at 1:25 p.M. The patient’s condition was 
excellent throughout the operation. 

The mucocutaneous junction around the bladder 
was incised excepting along the urethra. The 
horseshoe-shaped incision was deepened at the 
sides and across the bladder’s dome until perivesical 
fat was reached. Blunt dissection uncovered the 
lower ureters and stripped the peritoneum away 
from the bladder down behind its outlet and up 
onto the sides of the pelvic cavity. The obliterated 
hypogastric arteries and urachus were divided near 
the navel. Through an opening in the peritoneum, 
the uterus, tubes and ovaries were identified as 
normal. No inguinal herniae were found at the 
internal inguinal rings. The pelvic ureters were 
normal in size, consistency and location. The rent 
in the peritoneum was closed with running No. 3-0 
chromic sutures. 


A 


Lateral dissection was carried out to each 
symphysis. The intersymphysial band and the 
inferior vesicle arteries were carefully preserved. 
The band was detached at the symphysis on each 
side, including a bit of periosteum and cartilage, 
to be sure to be lateral to the vessels and nerves 
supplying the band together with its epispadic 
urethral sphincter. The ends of the bands were care- 
fully freed until they could be brought across and 
overlapped for at least 1 cm. 

The urethra was outlined by parallel incisions 
0.7 cm. apart. A triangular area at each side of the 
bladder outlet was denuded of mucosa. The urethra 
and bladder were reconstructed with a double row 
of interrupted No. 4-0 chromic sutures. A No, 22 
Malecot catheter was brought out at the dome. The 
ends of the intersymphysial band were coapted in 
front of the closed urethra with interrupted No. 
2-0 chromic sutures. 

The abdominal skin and fat were widely under- 
mined to expose the underlying fascia of each rectus 
muscle. (Fig. 2A.) The anterior fascial layers were 
developed to the right and left in order that they 
could be turned medially as book flaps, right over 
left, and sutured to the opposite side. The lower 
margins of the fascial flaps were sutured to the 
upper margin of the external urethral sphincter. 
(Fig. 2B.) All fascial sutures were No. 3-0 silk. 

The opposing edges of the divided clitoris and 
vulva were denuded and then coapted with buried 
No. 4-0 chromic sutures. Mattress sutures, No. 4-0 
chromic, brought the subcutaneous fat together 
and tacked it to the fascial flaps to obliterate dead 
space. The skin edges were closed with subcuticular 
stitches with No. 4-0 chromic sutures. 

Penrose drains were placed in front and behind 
the bladder and brought out to the right and to the 
left of the midline incision through stab wounds in 
the fascia and skin. The cystostomy catheter was 


Fic. 2. Bladder and urethra reconstructed. A, skin and subcutis retracted to 
expose interior rectus sheaths from which flaps are raised. B, fascial flaps 


crossed to symphysis pubis. 
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Exstrophy of the Urinary Bladder 


Fic. 3. Three years postoperative cystogram with 
444 oz. capacity with minimum reflux. 


brought out through a third stab wound just off the 
midline. No guide thread or catheter was left in the 
urethra. 

The child’s postoperative course was totally 
without complications. The incision healed nicely 
and the Malecot catheter drained well. She was 
discharged three and one-half weeks after admis- 
sion still wearing the cystostomy drainage catheter. 
This was removed three months later at the time 
of her first postoperative check-up, following which 
the cystostomy opening closed spontaneously. 

In April 1958, this child was readmitted to the 
hospital for repair of an incisional hernia which 
developed in the right lower abdomen lateral to the 
edge of the right rectus muscle. On that occasion, 
her blood urea nitrogen was normal and intravenous 
pyelograms showed normal collecting systems in 
the kidneys and normal ureters. The bony sym- 
physes were still wide apart. At cystoscopy, the 
urethra was 1.3 cm. long and comfortably admitted 
a No. 16 cystoscope. Bladder capacity (Fig. 3) was 
between 4 and 5 oz., and the bladder mucosa had 
no evidence of cystitis cystica as noted originally. 
Her original zone of squamous metaplasia, inverted 
near the dome, appeared normal; there was mini- 
mum vesicoureteral reflux. 

At last report in April 1960, B. D. was doing 
extremely well. Her mother reported. ‘‘Upon 
awakening between 7:30 and 8:00 a.M., she voids 
several ounces of clear urine. She is dry on awaken- 
ing two out of three mornings a week and this is 
after being in bed, continuously asleep, for over 
eight hours. The child goes to school regularly 
without diapers or special protection. She voids 
about 10:00 A.M. during recess and again about 
noontime. She is not watched during the afternoon 
but goes to the toilet when she has the urge. She 
is always dry. She empties her bladder at bedtime 


Fic. 4. Medium-sized exstrophied bladder with epi- 
spadius of penile urethra. 

before retiring. This youngster can stop and start 
her stream during the act of voiding. She has had 
only one bout of pyuria in the past two and one- 
half years. She has urine check-ups at least once 
each month and most are absolutely normal.” 


Comments: Of our first fifteen patients oper- 
ated on for exstrophy of the urinary bladder, 
seven were girls and eight were boys. Five of 
the seven female patients, obtained results 
similar to those reported for B. D. On the other 
hand, only three male patients in the series of 
eight obtained fair control and had no fistulas. 
Complications ranged from tiny fistulas to 
incontinence to complete dehiscence of the 
repair. In none was anything done to stabilize 
the pelvis, to alter the angle of eversion of the 
hip joints or to improve the waddling gait. 

In 1957, Dr. Harvey O’ Phelan, an orthopedic 
surgeon, joined our team and with his superb 
assistance we have changed over entirely to the 
two stage reconstructions. 


TWO STAGE RECONSTRUCTIONS 


Case 11 (No. 23). D.M. was eighteen months of 
age when he was brought to us from St. Paul, 
Minnesota. His sister and previous sibling were 
also born with exstrophy of the urinary bladder. 
Her condition was corrected with a two stage recon- 
struction with an eminently satisfactory result 
after fifteen months. 

D. M. had a medium-sized exstrophied urinary 
bladder (Fig. 4) measuring 7.5 by 5 cm.; the 
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Fic. 5. Two stage reconstruction of bladder and pelvis showing: A, bilateral iliac oste- 
otomies permitting bony pelvic reconstruction; B, horseshoe-shaped incision for the 
mobilization of the bladder; C, bladder, urethra and urethral sphincter reconstructed 
with Malecot catheter in urethra and bladder; and D, bony symphysis wired in coapta- 
tion, Penrose drains in front of and behind bladder and abdominal wall reconstructed. 


fascial defect at the base of the exstrophy was 
only 3.0 cm. across. Although there was some out- 
ward ballooning on straining and the examiner’s 
finger could invert the center of the dome, the 
margins of the exstrophy were indurated, forming 
a hard doughnut at the periphery which lacked any 
pliability. The two arms of the bony symphysis 
were 6.0 cm. apart. The rectus muscles were widely 
diastatic. In the left lower quadrant was a well 
healed oblique incision through which the family 
doctor had repaired an incarcerated inguinal 
hernia at eight months of age. In the right lower 
quadrant was a well healed oblique incision through 
which the family doctor had electively repaired an 
enormous inguinal hernia and simultaneously per- 
formed an appendectomy. 

The blood urea nitrogen was normal. Intravenous 
pyelograms showed normally functioning kidneys 
with a minor degree of dilatation of the calyces on 
the right; the left was absolutely normal. Both 
ureters had slight dilatation of the lower halves. 


652 


On May 13, 1959, the first stage of reconstruction 
of the exstrophied urinary bladder was performed. 
A polyethylene cut-down in the left antecubital 
vein permitted giving Pentothal and Flaxedil 
intravenously. Nitrous oxide and oxygen were 
given through an endotracheal tube. The meas- 
ured blood loss was replaced during the operative 
procedure (160 cc.) together with 150 cc. of 5 per 
cent dextrose in water. Surgery began at 7:45 A.M. 
and finished at 11:00 A.M. The patient’s condition 
was excellent throughout the operation. 

With the patient prone, hockey stick-shaped 
incisions were made over each posterior iliac crest 
and downward to the inferior portion of the sacro- 
iliac articulation. After isolating the iliac bones, 
their muscles were dissected from their, attach- 
ments. Bilateral iliac osteotomies were performed 
approximately 2.5 cm. lateral to the sacro-iliac 
articulations. Complete separation of the bony 
surfaces was demonstrated by the use of a Blount 
bone spreader. The wound was closed in layers. 
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The patient was rolled over into the recumbent 
position. The wings of the pelvis (Fig. 5A) could be 
easily rocked to approximate the symphysis pubis 
in front. Two 6 inch ace bandages were applied 
about the hips. The patient was returned to an 
ordinary bed for five days of convalescence. 

On May 18, 1959, the second stage of reconstruc- 
tion of the exstrophied urinary bladder was per- 
formed. A polyethylene cut-down in the right 
antecubital vein permitted giving Pentothal and 
Flaxedil intravenously. Nitrous oxide, oxygen and 
ether were given through an endotracheal tube. 
The measured blood loss was replaced during the 
operative procedure (440 cc.) together with 240 ce. 
of 5 per cent dextrose in water. Surgery began at 
7:45 A.M. and finished at 11:30 A.M. The patient’s 
condition was excellent throughout the operation. 

With the patient outstretched on sterile towels 
to protect the posterior iliac incisions after the first 
stage of reconstruction, a horseshoe-shaped incision 
(Fig. 5B) was made around the bladder except 
along the urethra. Dissection was carried down to 
expose the medial margins of the diastatic rectus 
muscles. The bladder was mobilized posteriorly, 
freeing the peritoneum from the bladder, the rec- 
tum and the sides of the pelvis. The two ureters 
were catheterized while the dissection was carried 
out towards the trigone. The superior and middle 
vesicle arteries were divided but the inferior vesicle 
arteries were meticulously visualized, mobilized 
and spared. The urethral sphincter together with 
the intersymphysial band was taken off sub- 
periosteally from each pubic tubercle. 

The bulbous urethra was outlined by parallel 
incisions I cm. apart. Triangular areas at each side 
of the bladder outlet were denuded of mucosa. 
Loops of braided stainless steel wire were placed 
through the obturator foramina and around each 
arch of the symphysis. With a No. 12 Malecot 
catheter laid through the urethra into the bladder, 
the urethra and bladder were reconstructed in two 
layers, using No. 4-0 chromic to the submucosal 
layer and No. 3-0 chromic to the outer layer. The 
urethral sphincter together with the intersym- 
physial band were coapted in front of the closed 
urethra with interrupted No. 2-0 chromic sutures. 
(Fig. 5C.) 

With the legs internally rotated and with lateral 
pressure on the pelvic wings, the two arms of the 
symphysis pubis came into close coaptation while 
the braided stainless steel wire was tautened and 
tied. 

Stab wounds were made into both lower quad- 
rants. Penrose drains were placed down into the 
prevesicle space and into the retrovesicle space 
next to the rectum. The opposing edges of the 
rectus muscles fell together easily. A large bulk of 
subcutaneous adventitia was built up securely 
above the symphysis. The fat and skin were 
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Fic. 6. Six months postoperative cystogram with 3 oz. 
capacity with no reflux. 


easily approximated with interrupted subcuticular 
stitches. (Fig. 5D.) The catheter irrigated well. 

Finally a plaster cast was applied from toe tips 
to nipples with the legs abducted and internally 
rotated. A broom handle was incorporated between 
the ankles, both to reinforce the cast and to 
facilitate turning the patient on a Bradford frame 
during convalescence. 

The child’s postoperative course was without 
complications. The incision healed nicely; no fistula 
formed at the junction of the bladder and the 
urethra. The Malecot catheter drained well. Three 
weeks after the second stage of reconstruction the 
cast was changed. Both the abdominal and pos- 
terior iliac incisions were healed. The youngster 
was discharged to his home in a cast five weeks 
after admission. 

In October 1959, the child was readmitted to the 
hospital. The catheter was‘removed. The plaster 
cast, which had been changed twice during the 
interim, was removed. His blood urea nitrogen was 
normal. Intravenous pyelograms showed good 
kidney function without any hydronephrosis and 
with only a little hydro-ureter in the lower third of 
each side. A cystogram (Fig. 6) demonstrated a 
3 0z. capacity without reflux. The vesicourethral 
junction had a filling defect. 

On October 23, 1959, urethroscopy demonstrated 
a band of fixation wire’ extending directly across 
the urethra. In consequence, a small incision was 
made along the right pubis. The fixation wire was 
readily isolated, cut and removed. The incision was 
closed loosely with three interrupted vertical silk 
mattress stitches. Thereafter, a No. 16 sound 
slipped into the bladder easily. Through the 
cystoscope, the lining of the bladder was remark- 
ably smooth and without stones, trabeculation or 
diverticula. The mucosal polyps at the bladder 
outlet were fulgurated. 

During his remaining days in the hospital, the 
boy’s urethra dribbled nearly continuously. For 
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one week he received daily physiotherapy to get 
some tone back into his leg muscles while his mother 
was taught how to exercise him at home. He was 
discharged on his sixteenth hospital day. 

In the past nine months, this boy has learned 
to walk and to run. He has had several bouts of 
cystitis and urethritis which have responded at 
various time to Gantrisin,® Mandelamine® and 
Furadantin.® He now is dry for as long as three 
hours and then seems to void an ounce or more at a 
time. There is urinary leakage on straining. His 
epispadius remains to be repaired. 


Comments: Of our last twelve patients oper- 
ated on for exstrophy of the urinary bladder, 
six were girls and six were boys. All six female 
patients obtained satisfactory results, even one 
girl who had had two unsuccessful closures 
tried elsewhere before she came to us. Of the 
boys, two have excellent control and are out 
running around. Two still dribble but are less 
than three years of age, making final evaluation 
hazardous. One has a definite fistula at the 
vesicourethral junction, and one has completely 
dehisced. 

Initially, we joined the two arms of the 
symphysis pubis with a Parham band. All four 
of these had to be removed as they either cut 
through the bone or eroded into the urethra. 
Six were affixed with braided stainless steel 
wire; five of these have had to be removed for 
the same reason. Two were joined with pre- 
served human tendon. One of these worked out 
beautifully and the child has a good result; the 
other completely dehisced ten days after the 
second stage and awaits to be rejoined. Whether 
this dehiscence was secondary to the use of 
tendon which did not hold or to the Staphylo- 
coccus aureus, coagulase positive, wound infec- 
tion is subject to speculation. 

Postoperative roentgenograms of the bony 
pelvis of the children who had had two stage 
reconstructions have proved most encouraging. 
The iliac osteotomies heal remarkably quickly. 
The bony symphysis anteriorly has, for the 
most part, remained securely in position on 
follow-up films. The femeroacetabular angles 
have appeared close to normal, and the gait 
when observed has been normal. 


DISCUSSION 


During the past eleven years, our Minne- 
apolis medical team, addressing themselves to 
the problems of the anatomic and the physio- 
logic reconstruction of the exstrophied urinary 


bladder, have been sufficiently encouraged to 
urge its pursuit and further evaluation. The 
care of the afflicted female patient is certainly 
much simpler than the male patient; the results 
have correspondingly been much more satis- 
factory in the girls than in the boys. 

In several presentations of this material 
[2-5], many questions have been asked, a few 
of which are repeated herein. As to the age of 
election for performing this surgery, the 
youngest patient on whom we have operated 
was three weeks of age; the oldest was six years 
old. We have refused surgery to no patient, 
even the girl who had been operated on twice 
previously with complete breakdown after both 
sessions. The age of patients on whom we have 
operated has been governed partly by the age 
at which they have come to us. Thus, our age 
of election is basically after the first birthday 
and before the second. Most are now performed 
around eighteen months of age. We are await- 
ing with interest for reports of Australian 
surgeons [6] who are performing similar cor- 
rective surgery in the immediate newborn 
period. 

In the boys, why don’t you repair the epispadius 
simultaneously with the second stage reconstruc- 
tion? To date we have had bladder stones, 
vesicle mucosal polyps, bladder diverticula, 
granulomas, pelvic fixation wires across the 
urethral lumina and urethrovesicle stenosis: all 
of which we have evaluated and treated trans- 
urethrally with the aid of the cystoscope. Had 
the distal penile urethra been previously recon- 
structed, we believe our management would 
have been made unnecessarily difficult and 
hazardous. 

How long do you keep your two stage recon- 
struction patients in a plaster cast? We keep 
them in the cast on an average of three to five 
months. We believe this is erring on the con- 
servative side, but we are fearful of experi- 
encing what has been reported to us by another 
surgeon whose patient’s reconstructed pelvis 
broke apart three months after surgery on 
bumping into a coffee table at home. We place 
considerable emphasis on retraining muscle 
tone and muscle strength with the aid of 
physiotherapy, once the cast has finally been 
removed. 

Can you say anything about newborns with 
exstrophy of the urinary bladder, imperforate 
anus and rectovesicle fistula? We have had four 
such patients not included in the series reported 
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herein. Three of the four had primary surgery 
to separate the genitourinary tract from the 
gastrointestinal tract. All four patients died. 
Yet, it is our belief that children with this 
disheartening combination of anomalies can 
and will be salvaged. Sieber [7] has recon- 
structed one such patient who is now four 
years old and doing well. 

Are there, in your series, any patients on 
whom you would most likely not perform surgery 
in the light of your total experience? We do not 
have a black and white answer to this question 
but we are impressed that patients who have 
coexisting exstrophy of the urinary bladder 
and bilateral hydronephrosis with hydroureters 
are far from optimal candidates for the two 
stage reconstructions. This is also true for 
patients with anal sphincter incontinence. 

Have you had any patients after the one stage 
reconstruction lose their control with growth and 
stretching of the urethra? We have indeed; one 
such girl was subsequently submitted to the 
two stage pelvic reconstruction with the 
recapture of urinary continence. With this 
patient, alone, in mind, we are strongly con- 
vinced of the need for pelvic reconstruction. 

Have you had any patients, especially after 
their second birthday, on whom you could not 
bring the symphysis pubis together? One must 
remember that the medial edge of the symphysis 
pubis in the growing child is at first carti- 
laginous. Hence, roentgenograms of the pelvis 
may show apparent separation whereas the 
bones together with their cartilage are in the 
coaptation. On the other hand, we have found 
it quite difficult, in the older children, to affix 
the symphysis pubis, in comparison with infants 
under two years of age. In addition, there is a 
considerable variation in the flaring angles of 
the pelvic wings which may well contribute to 
difficulties of pelvic rotation. Dr. O’Phelan has 
several of these angles, in pelvic models, now 
under further study. 


CONCLUSION 


1. Exstrophy of the urinary bladder together 
with its epispadius and diastasis symphysis is 
fortunately not a common anomaly. Yet, when 
it occurs it calls for our best efforts to achieve 
total anatomic and physiologic reconstruction. 
Previous temporizing procedures with uretero- 
sigmoid transplants and cystectomy are not 
enough. 

2. Experiences with thirty-five cases of 
exstrophy of the urinary bladder in children 
under six years of age, seen since 1949, are 
reviewed. 

3. Evolving surgical technics for the ana- 
tomic and physiologic reconstruction of patients 
with exstrophy of the urinary bladder and 
diastasis symphysis are presented. 

4. Frequent interrogations concerning the 
age of election, the method and the complica- 
tions are discussed. 
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Hernias—Inguinal and Umbilical 


WituiamM B. KIESEWETTER, M.D., Pittsburgh, Pennsylvania 


From the University of Pittsburgh, School of Medicine, 
and the Children’s Hospital of Pittsburgh, Pittsburgh, 


Pennsylvania. 
,y infant or child with the chief complaint of 
a hernia is the most frequent visitor to the 
office of a pediatric surgeon, for it has been 
stated that at least one child in every fifty has 
some type of herniation which will ultimately 
need surgical correction. The incidence of such 
herniation is higher when one considers the 
premature group. 


INGUINAL HERNIAS AND HYDROCELES 


Inguinal hernias and hydroceles may well be 
considered together, since most hydroceles are 
manifestations of a basic hernia-hydrocele 
combination. During the first three or four 
months of life, a hydrocele may be physiologic, 
especially if it is present bilaterally. However, 
beyond that age, it is safe to assume that a 
hydrocele in a child is accompanied by a hernial 
communication which must be eliminated in 
order to deal with the combined problem. 

Inguinal hernias are found much more fre- 
quently in male than in female infants, with a 
9:1 preponderance in favor of the boys. The 
right side is more frequently affected than is the 
left, with two of every three inguinal hernias 
being found on the right side. 

Embryology and Pathogenesis. To under- 
stand the subject of inguinal hernias and 
hydroceles in children, and to gain some insight 
into the rationale of surgical therapy, one must 
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recall something of the embryologic develop- 
ment of the inguinal and scrotal areas. At one 
stage in this developmental process, the 
inguinal canal and scrotum have no opening in 
them whatsoever, and it is only as the processus 
vaginalis passes through the internal ring, along 
the inguinal canal, and out the external ring to 
the base of the scrotum that the area is opened 
up for the subsequent descent of the testis. 
(Fig. 1A.) This processus vaginalis is nothing 
more then an outpouching of the peritoneum. 
The testis is an extraperitoneal organ and 
traverses the same course as the processus 
vaginalis, to come to its final resting place in 
the scrotum. (Fig. 1B.) After the testis has 
reached its scrotal position, the processus 
vaginalis obliterates itself from just above the 
testis back to the internal ring. (Fig. 1C.) It is 
estimated that the processus on the left closes 
about three weeks prenatally, and that the 
right closure follows in about one week. All of 
these steps are complete at the time of the 
birth of a normal full term child. 

On the basis of the embryologic development 
of the inguinal and scrotal areas, there are two 
ways by which a hernia-hydrocele can arise: 
(1) A child who has undergone a normal and 
complete closure of its processus vaginalis may, 
while undergoing a period of stress accompanied 
by increased intraabdominal pressure, wedge 
the processus open once again. The increased 
pressure caused by coughing, ci ying or strain- 
ing reestablishes the previously obliterated 
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Fic. 1. Embryologic development of the inguinal and scrotal areas. (From: K1iesewetrer, W. B. Am. J. Dis. Child., 


96: 362, 1958 [4].) 
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Inguinal and Umbilical Hernias 


sommunication between the abdominal cavity 
ind the inguinoscrotal area. (2) Some children 
never completely obliterate the processus 
vaginalis and are therefore born with an already 
persisting communication between the ab- 
dominal cavity and the inguinoscrotal area. 

Diagnosis. There are four classic manifesta- 
tions of hernia and each one seems to vary 
slightly from the other. 

An inguinal bulge may be the first evidence 
that parents have that their child is suffering 
from a hernia. There is an actual communica- 
tion between the inguinal canal and the peri- 
toneal cavity, and the parent’s story is usually 
that of noticing a “lump in the groin” when 
the child is being bathed or dressed. In the 
older child it is often reproducible by having 
him either stand up or increase his intra- 
abdominal pressure by coughing or similar 
straining activity. In the smaller child this is 
often involuntarily achieved by his crying dur- 
ing examination. 

The second type of hernial manifestation 
consists of an inguinal bulge which opens up the 
entire processus vaginalis from the internal ring 
to the bottom of the scrotum. The family 
usually gives a history of a large inguinoscrotal 
bulge. This bulge may be due to fluid or intes- 
tines, or a combination of the two. The family 
reveals that such a child at first had a small 
inguinal bulge which has gradually, over a 
period of weeks or months, become larger and 
larger until its size has forced them to seek 
advice. Although not the commonest variety of 
hernia, it is by all odds the easiest to diagnose. 
Placing such a child in the recumbent position 
will allow easy reduction of the hernia and 
confirm one’s diagnostic impression. 

The most difficult type of hernia to be 
certain about is that which is usually referred 
to as a “‘hydrocele of the cord.” The processus 
vaginalis is patent for a short distance below the 
internal ring, but allows intraperitoneal fluid 
to flow in only one direction. The fluid which 
enters is sealed off at its proximal end and is 
unable to return to the abdominal cavity. 
These lumps are generally the size of an almond, 
and the family’s story is that it appeared 
suddenly without any pain or other symptoms. 
They have already palpated it thoroughly and 
state that it can be moved around readily 
without causing any apparent concern on the 
part of the child. The history may also reveal 
that the lump has come and gone on several 


occasions, each time without any obvious 
distress to the patient. If it is only a hydrocele 
of the cord and there is no intestine complicating 
the picture, correction is a matter of election. If 
there is bowel involvement, however, this 
represents an emergency situation. Helpful 
points of distinction are that the mass is freely 
moveable and that moving it toward the pubic 
tubercle allows a finger to be placed over a 
normal area of the inguinal canal between the 
mass and the internal inguinal ring. In very 
small infants it is possible, by making a rectal 
examination, to feel the internal ring from the 
inside and thereby determine whether bowel is 
going through it or not. 

The most confusing type of hernia manifesta- 
tion is the one in which there is an accumula- 
tion of fluid in the lowermost part of the scro- 
tum but no evident abnormality above it. The 
very presence of fluid in the scrotum is evidence 
of presently existing, or immediately preceding, 
communication between the hydrocele cavity 
and the abdomen through the associated hernia. 
The history given by the family is, once again, 
that of an asymptomatic, increasingly large 
lump in the scrotum. Also, they may give a 
story of fluctuation, indicating that the size of 
the mass is smaller in the morning after a 
period of horizontal rest. This is important 
because it indicates that there is a patency (a 
hernia) by which fluid can flow in both 
directions. 

In attempting to arrive at a clear-cut 
diagnosis of an inguinal hernia, one very fre- 
quently has to rely upon the story that is told 
by the parents. Many times there are very few 
signs that one can find of the existence of a 
hernia at the time of examination at the doctor’s 
office. However, there are two stages in an 
adequate examination of a child suspected of 
having a hernia. Every child should be in- 
spected, if possible, in the upright position to 
see if there is any asymmetry of the inguino- 
scrotal areas on the two sides. It may even be 
helpful to have the child jump up and down 
several times in order to get evidence of any 
bulge that may be present. Oftentimes, the 
small child will help you by crying during 
examination and actually forcing something 
into his open hernial sac. In addition to inspec- 
tion of the inguinoscrotal area, palpation of 
this same portion of the body should be carried 
out while the child is in the upright position, 
since the first “feel” is oftentimes the best 


657 


Kiesewetter 


‘*feel.”” The disappearance of a small bulge at 
the internal ring, with the accompanying 
gurgling sound, is all that one needs for diag- 
nosis many times. Having a child cough or 
strain will sometimes put some intestinal con- 
tents into the sac so that once again the 
diagnosis of hernia is clear. In the recumbent 
position, one can compare the thickness of the 
cord on the two sides and get some indication of 
there being a unilateral aspect to the problem 
that corresponds with the history of the lump 
on that side. In female children it is possible on 
occasion to feel an ovary which comes out at the 
internal ring and presents as a small mass in the 
inguinal area. Finally, the “‘silk sign” has had 
much written about it. This rubbing of the two 
sides of the hernial sac together must be done 
over the internal ring and away from any bony 
prominence since cord structures rubbed over a 
bony prominence can give a false positive silk 
sign. A silk sign is helpful if positive, but its 
absence does not eliminate a diagnosis of 
hernia. 

In summary, then, the clinical types of 
hernia manifestation that one encounters 
include two in which a hernial sac with 
intestinal content is present, and two in which 
the presence of the sac is indicated by an 
accumulation of intra-abdominal fluid which 
has passed through the patent processus 
vaginalis. 

Treatment. Timing: The question most fre- 
quently asked in regard to the treatment of an 
inguinal hernia in a child is ‘‘ When is the opti- 
mal age for its surgical correction?” The answer 
to this is a very simple one: it should be cor- 
rected at the time that it is diagnosed. These 
do not disappear spontaneously, except in rare 
instances, and to wait for this to occur is to 
invite the complications of incarceration or in- 
creasing size. 

Bilateral Approach: It seems advisable to 
undertake bilateral herniorrhaphies on all 
children under two years of age regardless of 
whether their symptoms are unilateral or bi- 
lateral. This is based on reports from two groups 
[1,2] both of which found a high incidence of 
hernias present on the side opposite to a uni- 
lateral herniorrhaphy with unilateral com- 
plaints. In one study [2] one hundred patients 
under two years of age were operated on bi- 
laterally when only unilateral symptoms were 
present; 60 per cent of the patients were found 
to have contralateral hernias anatomically. In 


a second group of 237 patients, originally oper- 
ated on unilaterally before the age of two, 
follow-up study from two to eight years later 
showed that 31 per cent of the patients had 
undergone surgery for a contralateral hernia 
at a later date. While the anatomic incidence 
is twice the symptomatic incidence in this 
report, the advice to perform bilateral hernior- 
raphies in all children under two years of age 
seems to be valid. 

Method: There are several methods of so- 
called ‘‘treatment” of inguinal hernias which 
are mentioned only because they should be 
avoided. To do nothing and hope that the 
hernia will go away is improper treatment; to 
aspirate a scrotal hydrocele without correcting 
the communicating hernial channel is based on 
inadequate knowledge of the anatomy; to in- 
ject the hernial sac in the area of the internal 
ring in the hope of obliterating it is to run a 
great risk to the blood vessels and vas deferens. 

There are two forms of palliative treatment 
which are definitely useful. In the case of an 
incarcerated hernia, the application of sedation 
and an ice bag with subsequent manual reduc- 
tion is certainly good therapy. The child re- 
ceiving this treatment should then be kept in 
the hospital for a period of approximately 
forty-eight hours and surgical correction of the 
lesion carried out after the edema has left the 
area. Some hernias, chosen to be treated elec- 
tively, can be helped by the temporary use of a 
soft yarn truss until surgery has been accom- 
plished; this treatment has limited usefulness 
but should not be totally discarded. 

Definitive surgical care is to be undertaken 
in the form of a formal inguinal herniorrhaphy 
The steps in such a procedure are outlined 
graphically in Figures 2 through 5. A 3 to 4.cm. 
incision is usually made in the area of the in- 
ternal ring, utilizing one of the transverse skin 
creases so that the resulting scar will be mini- 
mized. (Fig. 2A.) After opening up the sub- 
cutaneous tissue and superficial fascia, the 
external oblique aponeurosis is opened along 
the line of its fibers for a distance of 3 to 4 cm. 
Lifting up the lower part of the external oblique 
aponeurosis, it is important to dissect all struc- 
tures from Poupart’s ligament down to the 
shelving edge. This eliminates the possibility 
of grasping peritoneum rather than hernial sac 
in the search for the hernia. The lowermost 
fibers of the internal oblique (the cremasteric 
fibers) are separated with a hemostat; the sac 
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can be readily visualized in this manner. 
(Fig. 2B.) One must remember that the ana- 
tomic position of the hernial sac is medial and 
superior at the point of the internal ring. 
(Fig. 3B.) When both sides of the sac can be 
seen, a curved hemostat is passed underneath 
all the cord structures and opened several 
times so as to separate them from all surround- 
ing tissues. (Fig. 3A.) The vascular structures 
and vas deferens are separated from the sac, 
and the sac dissected up to the internal ring. 
(Fig. 4A.) When it has been completely dis- 
sected, a double ligation of the sac is carried out 
preferably with nonabsorbable sutures. (Fig. 
4B.) Some people believe that the second suture 
ligature should be interned beneath the internal 
oblique muscle as was advocated by Kocher 
many years ago. If the sac extends all the way 
down into the scrotum and contains fluid, 
opening the sac and everting it behind the 
testicle with a single suture will suffice to take 
care of such a hydrocele. No formal hernior- 
rhaphy repair is usually indicated, although 
one must be certain that the internal ring has 
not been enlarged by the hernia itself. If it has, 
a simple placement of several strengthening 
sutures of nonabsorbable material is indicated. 
These sutures are placed between the fibers of 
the internal oblique muscle, transversalis fascia 
and Poupart’s ligament adjacent to the internal 
ring, thereby snugging it up. (Fig. 5A.) Closure 
is accomplished in layers, and many people 
prefer to bring about a skin closure by using 
subcuticular stitches so that their removal is 
avoided. (Figs. 5B and C.) Either nonabsorba- 
ble fine white silk or absorbable catgut can 
be used for this purpose. 

Complications: Everyone connected with the 
inguinal hernia problem in children is aware of 
the high percentage of incarcerations that 
occur. This figure runs between 5 to 15 per 
cent of all cases [3]. Not all incarcerations lead 
to operation because many are reduced under 
sedation by the manipulation of the surgeon. 
All observers agree, however, that the incidence 
of incarceration is greatly increased in children 
under two years of age and particularly in a 
child under one. Considerable difficulty for the 
family, patient and doctor can be avoided by 
prophylactic herniorrhaphy in all inguinal 
hernias. 

One of the criteria by which herniorrhaphy is 
judged is the rate of recurrence. We have had 
the opportunity to observe the results in close 


to 4,000 herniorrhaphies and there have been 
less than twelve recurrences in this large group. 
Most of the herniorrhaphies were performed 
during the early months and years of life. In 
a detailed analysis of a small group of 239 pa- 
tients [4], it was found that there were two 
recurrences (0.8 per cent). If an acceptable 
rate of recurrence in adults for inguinal hernior- 
rhaphy is 5 to 10 per cent, this rate compares 
very favorably. 

The risk of damage to the testicle and its 
blood supply by herniorrhaphy has been raised 
on a number of occasions. Damage to the testi- 
cle would seem to be minimal according to 
recent reports. In one [5] there was an incidence 
of five damaged reproductive organs in a series 
of 840 cases. In a smaller series [4] there was a 
slight asymmetry in four testicles of 239 cases 
followed up. 

Finally, infection of the wound has not been 
a serious complication in the experience at one 
large center [6]. In an effort to minimize this 
danger one can use a plastic spray as a wound 
drape on the operative site. As routine proce- 
dure we cover our incisions with a plastic 
dressing that keeps out dirt and urine. 


UMBILICAL HERNIAS 


In dealing with the lesion termed umbilical 
hernia, it is understood that we are speaking 
of a true defect in the umbilicus itself. No con- 
sideration will be given the so-called supra- 
umbilical hernia, which in reality is a weakness 
of the linea alba that permits herniation. This 
latter group of patients need prompt surgical 
correction of the defect because it is a very rare 
child in whom the defect closes spontaneously. 

Umbilical hernias are among the commonest 
pathologic lesions found in the pediatric age 
group. A careful study in England of an almost 
entirely all white, clinic group showed the in- 
cidence to be one in every 5.4 patients [7]. A 
report from one of the southern states indicates 
that the incidence in Negro children runs 26.6 
per cent in a group of 1,237 patients [8]. In 
addition to this incidence differing in relation 
to color of skin of the patient, it is interesting 
to note that most writers believe that there is a 
predominance of the lesion in female children 
[6]. It has also been the impression of the author 
that this is true. 

Embryology and Pathogenesis. The rectus 
muscle and various fascial planes of the anterior 
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Fic. 6. A, skin fold incision below umbilicus. B, hernia sac attachment to underside 
of umbilicus. C, dissection of sac complete just prior to cutting it free from umbilicus. 


Fic. 7. Exposure of both rectus fasciae. 


abdominal wall are formed from intraembryonic 
mesoderm which has its origin as the middle 
layer of cells in the embryonic plate. The meso- 
derm fuses at the rim of what is to become the 
future umbilical orifice. Proliferation of lateral 
connective tissue plates passes from the umbili- 
cal cord at this point and is responsible for 
closure of the umbilical ring; a failure in the 
normal growth of dense connective tissue may 
contribute to local weakness. However, in spite 
of the fact that these inherent anatomic defects 
may be present, there seems to be a high per- 
centage of cases in which there is an immediate 
physical cause for the herniation. Most mothers 
will state that the hernias were present from 


the early days and weeks of life, but almost all 
cases will evidence crying, coughing or feeding 
difficulties as the inciting cause. It is also well 
recognized that children who suffer from mon- 
golism, cretinism or gargoylism have a high 
number of associated umbilical hernias. 
Diagnosis. Little difficulty is encountered in 
picking up the anatomic defect that is present 
in an umbilical hernia. However, the degree of 
discomfort that the child has from this varies 
widely. Most cases show little or no discomfort 
and no feeding difficulty. They seldom lose 
weight or have intestinal disturbances and pain. 
Occasionally a child will play with, or apply 
traction to, its umbilical hernia, and sometimes 
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Fic. 8. A and B, trimming away of hernia sac before closure of fascial defect. 


Fic. 9. A, catgut closure of neck of hernial sac. B, placement of sutures to 


approximate the rectus fasciae. 


Fic. 10. A, rectus muscles joined and one suture left for sewing to underside of 
umbilicus for returning it to position. B, subcuticular skin incision closure. 


its size may be a source of comment from 
friends or other members of the family. 
Methods of Therapy. It is generally agreed 
that a very high percentage of patients suffering 
from umbilical hernias will resolve their prob- 
lems spontaneously [7,9]. One writer goes so 
far as to say that these herniations should never 
be treated by anything but judicious neglect [9]. 
A very careful study was made of one hun- 
dred cases with the idea of determining the 
efficacy of adhesive strapping for umbilical 
hernias in infants [zo]. In these infants at the 
Children’s Hospital in Sheffield it was found 
that small umbilical hernias resolved spon- 
taneously in almost every case regardless of 
strapping or nonstrapping therapy. Hernias 
larger than 6 mm. had a higher percentage of 


resolution in the first six months of life if they 
were strapped. It was concluded that there was 
little benefit to be derived from strapping 
hernias after the age of six months regardless 
of size. 

Surgical correction of umbilical hernias, 
therefore, seems to be. reserved for that very 
small number of patients who do not show spon- 
taneous resolution of their problem or who have 
very specific symptoms from the defect. In our 
own institution, we have tried to establish a 
policy with regard to umbilical hernias which 
incorporates many of the features mentioned 
above. Briefly, it can be outlined as follows: 
Birth to six months of age—If umbilical defect is 
smaller than tip of index finger, observe only. 
If umbilical defect is size of tip of index finger 
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or larger, strap with interlacing adhesive. Sur- 
gery should be performed upon this age group 
only for very specific symptoms. Six to twelve 
months of age—No strapping is indicated for this 
age group regardless of size of hernia. Surgery 
should be performed only for very specific 
symptoms. One to two years of age—Individualize 
the indications for surgery in this group. In- 
creasing size of defect or marked symptoms 
should lead to surgical correction. Two to 
fifteen years of age—Surgery should be resorted 
to in this group if true hernia exists. 

Technic of Surgery. There are numerous 
technics advocated for the correction of an 
umbilical hernia. The one which is followed in 
our clinic is illustrated in Figures 6 through 10. 
An incision is made in one of the folds of the 
umbilicus itself so as to minimize the external 
appearance of having had an operation. (Figs. 
6A and B.) Once the incision has been made, 
the peritoneal attachment to the underside of 
the skin of the umbilicus is circumscribed by 
scissor dissection until a Kelly clamp can be 
passed around it and out the other edge of the 
skin incision. (Fig. 6C.) The peritoneum is then 
cut free from the underside of the skin and four 
hemostats applied to the open peritoneal sac. 
Using these hemostats and other retractors for 
the purpose of exposure, the rectus fascia on 
either side is adequately exposed preparatory 
to the formal repair. (Fig. 7.) It might be men- 
tioned that dissection should not include more 
than what is sufficient to expose the rectus 
fascia on both sides to plain view; too vigorous 
and extensive dissection allows for dead space 
and postoperative hematomas. The excess peri- 
toneal sac is divided vertically (Fig. 8A.) and 
then removed down to the rim of the fascial 
defect. (Fig. 8B.) This defect is closed with a 
continuous catgut suture (Fig. 9A.) and the 
two ends are held for identification of the edges 
of the rectus fasciae, since the stitch is started 
at the edge of one rectus fascia and extends to 
the opposite. The important part of the opera- 
tion is then undertaken by approximating the 
rectus fasciae in a vertical fashion. (Fig. 9B.) 
The first stitch is placed just below the catgut 
closure of the fascial defect and the second 
stitch is placed just above it. Depending upon 
the amount of diastasis of the rectus muscles, 
three or four additional silk sutures are used 
to draw the rectus muscles together above and 
below the first two stitches. This then leaves the 
centralmost portion of the rectus muscles to be 
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approximated; this can be achieved very easily 
after the ends of the catgut have been trimmed 
away. All of the silks are cut with the exception 
of a single one which is left long and sewn to 
the underside of the umbilical skin so as to 
return the umbilicus to a normal setting. (Fig. 
10A.) Interrupted subcuticular stitches are 
used to approximate the edges of the skin 
(Fig. 10B); nonabsorbable or absorbable suture 
can be used for this purpose. A spray type of 
bandage is then applied to the wound to seal 
the edges and, depending upon the extent of 
the dissection and the anticipated risk of a 
hematoma, a pressure dressing is applied 
accordingly. 


SUMMARY 


A brief consideration has been given to the 
clinical problems of both inguinal and umbilical 
hernias, stressing that a hydrocele is in truth 
a hernia-hydrocele combination and that most 
true umbilical hernias close spontaneously. 

We believe that an aggressive approach to in- 
guinal hernias is indicated, with operative inter- 
vention taking place when the diagnosis has 
been made rather than waiting until the child 
is some years of age. 

We believe that a conservative approach 
should be followed with regard to umbilical 
hernias. Few operations should be performed 
before the age of two years and only if selected 
indications for surgery exist after that age. 
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Surgical Treatment of the Undescended 
Testicle 


L. RIKER, M.D., Chicago, Illinois 


From the Children’s Memorial Hospital, Chicago, Illinois. 


pose problem of undescended testis is of 
grave concern to the parents, bewildering 
to the child and perplexing to the physician. 
(Fig. 1.) In reviewing the subject there are 
many points of agreement but several points 
of disagreement which bear analysis. 

The route of descent of the testicle is well 
known though the exact causative factors are 
not proved. Arrest of this descent can occur at 


Fic. 1. The empty scrotum. The physician must deter- 
mine whether the testis is retracted, undescended, 
ectopic, atrophic or absent. 
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any point; fortunately, however, it usually 
lodges in the inguinal canal or at the external 
ring. The long and devious route that the testi- 
cle must travel makes one wonder that non- 
descent into the scrotum does not occur more 
often. Occasionally, the testis may reach an 
ectopic position in the perineal or suprapubic 
subcutaneous tissue after leaving the external 
ring. (Fig. 2.) The exact reason for incomplete 
descent is not always clear. Adhesions to the 
surrounding tissues, shortness of the spermatic 
vessels or mistiming of the rate of descent and 
the tightening of the external ring are all possi- 
bilities, but which is cause and which is effect 
remains undetermined. 


Fic. 2. Ectopic right testis in the newborn. The descent 
of the testis has been completed but it migrated into the 
subcutaneous tissue of the perineum rather than into 
the scrotum. 
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Surgery and the Undescended Testicle 


EXAMINATION 


The patient is usually suspicious and the 
parents are apprehensive and bewildered by 
fears and fancies engendered by well meaning 
friends. A thorough but gentle assessment of the 
size, mobility and exact position of both testi- 
cles must be made. 

The high-riding or retracted testis may be 
guilty for much of the confusion arising con- 
cerning hormone therapy, timing of operation 
and results of surgery. Gentle pushing of the 
high-riding testis downward toward the scro- 
tum will often result in complete descent of the 
organ into its normal position. This should be 
shown to the parents to demonstrate that op- 
eration is unnecessary. The high-riding testi- 
cles drawn up by overactive cremaster muscles 
will eventually reach their normal habitat 
permanently. 

An inguinal hernia should be searched for 
since it is present in at least go per cent of the 
cases, usually as a patent processus vaginalis. 
Thickening of the cord and sensation of two 
surfaces moving over each other on palpation 
may suggest the presence of a sac. True hernia- 
tion of abdominal contents into the sac may 
appear and in itself is indication for surgery. 


INDICATIONS FOR TREATMENT 


After establishing the diagnosis, the parents 
must be advised as to proper treatment and 
eventual outcome to be expected. In cases of 
cryptorchidism several reasons for producing 
descent must be considered. 

The first is trauma. There is no doubt that 
the testis held immobile in the canal is more 
subject to damage than in the relative freedom 
of the mobile scrotum. Torsion is also more apt 
to occur than in the normally descended 
testicle. 

Physical appearance is another consideration 
of importance. Though the patient may exhibit 
no apparent concern over his lack of normal 
anatomy, there may be a deep feeling of inade- 
quacy and later apprehension as to virility. 
Schoolmates can be cruel with their taunts and 
this factor must not be disposed of lightly. 

There has been much discussion as to the 
relative incidence of malignancy in the de- 
scended and undescended testis. Whether there 
is or is not an increase in the chance for malig- 
nant changes in the undescended testis, it 
would seem important to bring the organ down 


into the scrotum where abnormalities can be 
discovered early rather than leave it in the 
relative obscurity of the inguinal canal or 
especially the abdominal cavity. 

Another reason for treatment of the unde- 
scended testicle is the problem of its function. 
Much controversy has been raised by this 
aspect of the subject. Endocrine function, 
though possibly diminished, is not vitally 
affected by the relative warmth of the abdomen 
or inguinal canal. The maturation of the ele- 
ments in the testis necessary to spermatogene- 
sis, however, is slowed down and eventually 
halted in the nondescended testicle. 

Biopsy studies indicate that normal progress 
of development begins to lag at about three or 
four years of age and after the age of ten normal 
maturation does not take place and definite 
evidence of damage is seen. Late in puberty 
and thereafter fibrosis has become so prominent 
that function cannot be expected even if the 
testis is brought down. The speed of progress 
and reversibility of these changes underlie the 
controversy as to the suitable age for treatment. 


TREATMENT 


So gloomy have been the reports of fertility 
rates in bilateral orchiopexy and biopsy studies 
on unilateral orchiopexies [1] that some are of 
the opinion that the undescended testicle is 
fundamentally inadequate and will not function 
even in the normal environment. The report of 
Gross and Jewett [2] of 79 per cent fertility in 
thirty-eight patients who had undergone bi- 
lateral orchiopexy would disprove this con- 
clusion. In many of these studies no details of 
the age at operation or the type of operation 
are given. It seems that most of these proce- 
dures were a modified Torek operation which is 
noted for its unyielding tension on the cord 
structures resulting in impaired blood supply. 

A majority of surgeons believes that the 
undescended testicle should be brought down 
into the scrotum if possible before the child 
passes through puberty. There is also agree- 
ment that hormone therapy has little to offer. 
It is painful and expensive and offers only 
temporary effect, with the possibility of damage 
from excessive stimulation [3]. The only testis 
that will descend as a result of hormone therapy 
is the one that would come down spontaneously 
as puberty approached. 

The best age for orchiopexy is still not defi- 
nitely proved. Gross [2] has advocated nine to 
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eleven years as the proper age. Others insist 
that as early as two years but not later than 
five years is the proper age [4]. It does not seem 
fair to accept the excellent result in fertility as 
reported by Gross and Jewett which demon- 
strates the efficacy of surgery, and then to 
state that normal development is doomed and 
aspermia may result if operation is deferred 
past five years of age. 

It has been the policy at The Children’s 
Memorial Hospital to postpone orchiopexy 
until about ten years of age. The advantages 
are twofold. First, although careful manipula- 
tion has not been able to bring a retracted 
testis into the scrotum, a significant number of 
“undescended” testicles will come down during 
that waiting period thus avoiding unnecessary 
surgery. Secondly, structures are larger and 
more easily handled. The vessels especially 
are more robust and less apt to be damaged 
during dissection or occluded by stretching. 

Earlier orchiopexy at three or four years of 
age has both theoretic and practical advan- 
tages. Lack of maturation and fibrosis in the 
undescended testis begins to be evident after 
this age. Whether this produces irreversible 
damage before the age of ten is not yet proved. 
There is a definite advantage to early correction 
of the condition related to the psychologic 
effect on the child. At school age this apparent 
deformity and deficiency can cause embarrass- 
ment and a feeling of inadequacy accentuated 
by teasing playmates. 

I would gladly shift to early orchiopexy if I 
could be assured of either of two facts: (1) 
that an occasional operation was not being 
performed on a testis that might have de- 
scended spontaneously or (2) that there is a 
definite decrease in fertility if the testis is not 
brought down early. 

The question of the best age for operation can 
be solved only by careful comparison of fertility 
studies on patients with bilateral orchiopexy 
performed at different ages. Each series must 
be large and the surgical technics should be 
similar. 

Surgical Technic. The key to adequate 
mobilization of the testis is extensive and care- 
ful dissection. To attain this the incision must 
be longer than that utilized for a child’s 
herniorrhaphy and extend from below the 
external ring upward to the level of the anterior 
superior spine. An upward extension into the 
flank may be necessary for more complete 


retroperitoneal dissection. After opening the 
external oblique the internal oblique muscle 
may be cut above the internal ring for better 
visibility. The testicle is identified and com- 
pletely freed from surrounding structures and 
the gubernaculum is severed for better mobility. 
The hernial sac is dissected away from the cord 
structure to its neck, twisted, transfixed and 
ligated. The vas and spermatic vessels are bared 
completely, cutting away the cremaster fibers 
and peeling off all surrounding strands of 
fibrous tissue. This often will suffice to bring the 
testis down to the level of the bottom of the 
scrotum. 

If more length is necessary, the severed 
external oblique muscle can be retracted up- 
ward along with the peritoneum, and the 
spermatic vessels freed to the level of the lower 
pole of the kidney. 

When a few extra centimeters of length are 
necessary, the deep epigastric vessels may be 
divided. This allows a more direct pathway for 
the cord and frees the vas, though the latter is 
usually not the restricting structure. An even 
more direct approach of the cord to the scro- 
tum may be afforded by dividing the inguinal 
ligament, allowing the vas and vessels to pass 
under it. 

A new habitat for the testis is made by push- 
ing the finger into the scrotum and by blunt 
dissection making a large cavity in the sub- 
cutaneous tissue at the bottom of the scrotum. 
To keep the testis in its new scrotal position 
constant, gentle traction downward is essential. 
For this reason a No. 2-0 silk suture is placed 
through the lower pole of the testicle. The two 
ends of the suture are threaded on a straight 
cutting needle. A long curved clamp is fastened 
to the tip of the needle and a shorter clamp to 
the midportion. The needle, guided by clamps, 
is slid down into the scrotum to the lower pole. 
The long clamp on the tip of the needle is re- 
moved, allowing the needle to be pushed out of 
the scrotum. The suture is pulled downward, 
guiding the testis to its normal position. 

The inguinal incision is closed, bringing the 
conjoined tendon and external oblique over to 
Poupart’s ligament across the cord structures. 
The traction suture is tied to form a loop to 
which is attached a rubber band. This is gently 
stretched and attached to the thigh with 
adhesive tape. 

The child is discharged the second or third 
postoperative day and returns for removal of 
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sutures on theseventh day. Rarely acryptorchid 
cannot be brought down all the way. In these 
instances it may be possible to complete the 
descent at a second operation. 

Results. Good cosmetic results can be 
expected in a majority of patients. Functional 
results can only be determined by fertility 
studies later in life on patients who underwent 
bilateral orchiopexies. An occasional testis is 
found to be atrophic at the time of surgery and 
even more rarely the testis may be absent. 
Two instances of bilateral absence have been 
seen during the past ten years. 


SUMMARY 


1. Orchiopexy should be performed before 
puberty. Good cosmetic and probably good 
functional results are to be anticipated. 

2. Operation before the age of five years has 
the theoretic advantage of preventing damage 
to the testis and the practical advantage of pre- 
school correction of a condition which may 
produce psychologic trauma. 


3. Operation at ten years of age has the 
advantages of larger structures less subject to 
trauma and a longer observation period during 
which an occasional “undescended” testis may 
descend spontaneously. Fertility studies show 
good results when bilateral undescended tes- 
ticles are corrected at that age. 

4. The controversy can be solved only by 
extensive series of fertility studies on patients 
undergoing bilateral orchiopexy at different age 
levels. 
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HE PURPOSE of this paper is to describe a 
"ae of over-all management of the severely 
burned child following the initial shock phase. 
This plan is comprised of a number of methods 
and technics which have been evolved in an 
active burn service in the past five years, during 
which time there has been a definite lowering of 
morbidity and shortening of the hospital stay. 
Both the ward and operating room manage- 
ment of the child with a third degree burn of 
15 per cent or more of body surface are included. 

From the end of the shock phase until healing 
is complete, infection, nutrition and anemia 
form a triad of problems which must be ade- 
quately handled if the child is to recover. Al- 
though presented as separate topics, they are 
closely related; failure in the control of any one 
usually leads to similar failure in the others. 
Proper management of the severely burned 
child is exceedingly demanding of the time and 
energies of a team of hospital personnel. Mem- 
bers of this team include not only the surgeons 
and nurses, but the anesthesiologists, bac- 
teriologists, physiotherapists, social workers 
and ancillary ward personnel as well. 

It is difficult for a badly burned child to 
receive optimal care except in a hospital in 
which a considerable number of such patients 
are managed and in which a concerted effort has 
been made to organize their care into a well 
planned program. Few problems in surgery 
require more effort than those presented by a 
severe burn, and these problems are magnified 
immeasurably and the suffering of the patient 
prolonged needlessly if such patients are al- 
lowed to become cachectic and chronically 
infected. Centralization into a burn unit of the 
various ward facilities necessary to handle the 
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many important facets of care has permitted 
an aggressive and efficient over-all program of 
treatment. Because of this, such patients should 
either be managed in such a unit from the start 
or transferred to one after the period of shock. 


INITIAL MANAGEMENT 


On admission to the emergency service, the 
freshly burned child is placed in a surgical room. 
The extent and depth of the burn are estimated, 
and the over-all status of the child with particu- 
lar respect to shock and airway is assessed. The 
area of burn is carefully outlined on a body sur- 
face chart of the type described by Lund and 
Browder [8]. The patient is weighed, and sam- 
ples for initial laboratory work are drawn in- 
cluding blood for typing and cross matching. 
Intravenous replacement of colloid, water and 
electrolytes are begun through a venous cut- 
down largely in accord with the method de- 
scribed by Evans et al. [6]. A bladder catheter 
is inserted into all patients with full thickness 
burns of 20 per cent body surface or more. The 
fluid therapy is regulated by careful monitoring 
of the peripheral circulation, the presence or 
absence of thirst, the vital signs, the hourly 
urine output, and determination of the hemo- 
globin and hematocrit levels at four to eight 
hour intervals. The details of this fluid therapy 
are beyond the scope of this paper, but the 
period of burn shock is well handled in most 
hospitals. It is extremely uncommon for even 
extensively burned patients to die during this 
initial phase. Demerol® or a_ rapid-acting 
barbituate are given intravenously to relieve 
pain or control fear and anxiety. Tetanus 
prophylaxis is secured, and 500,000 units of 
penicillin are administered intravenously and 
repeated at six hour intervals. Streptomycin in 
appropriate dosage is administered intramuscu- 
larly at twelve hour intervals. 
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During this early period of evaluation and 
the initiation of treatment, the patient is not 
moved from the emergency service; the burned 
areas are simply covered by a sterile sheet, and 
a rigid aseptic technic is enforced. When all 
evidence of shock has disappeared and the 
patient’s vital signs have stabilized at normal 
levels, he is transferred to the operating room 
for primary care of the burn wound. This is 
performed with standard operating room 
aseptic technic. General anesthesia is not used 
since careful manipulation plus Demerol anal- 
gesia adequately prevent pain. The burned 
areas are gently cleansed with 3 per cent hexa- 
chlorophene solution (pHisohex® and 1:1,000 
aqueous Zephiran® chloride). Foreign material 
and ruptured blebs are removed, and the area 
lavaged with sterile solution. 

An occlusive dressing may then be applied or 
the burn wound treated by the exposure 
method. All burns of the face and perineum 
are treated by the exposure method. In addi- 
tion, this method is preferable for burns of the 
trunk or extremities confined to one surface in 
children old enough to cooperate. Burns of the 
hand and circumferential burns are dressed. 
The dressings on hands must be carefully ap- 
plied to assure position of function. We have 
tended to use the exposure method whenever 
feasible, since a firm, dry eschar forms more 
quickly than with the closed method. The open 
method, however, requires considerably more 
nursing care. 

If a dressing is applied, a single layer of 
Adaptic® gauze (a wide mesh fabric made of 
viscose filaments) impregnated with Furacin® 
(which contains 0.2 per cent nitrofurazone in 
a water soluble base) is applied over the burned 
surfaces. This gauze is prepared by pouring 
melted Furacin over strips of Adaptic gauze in 
a pan, and then sterilized by autoclaving. 
Strips of this fabric make an excellent inner 
dressing since they adhere to the surface easily 
during the dressing, provide adequate drainage, 
and can be removed easily. Multiple layers of 
gauze flats are then added, followed by cotton 
pads (combination dressing). Thick pads of 
gauze, made up in appropriate sizes to use over 
a trunk or extremity, speed up application of 
the dressing. Kerlix® rolls are used to hold the 
dressings firmly in place, and stockinet of 
appropriate size is used to cover the dressing. 
Strips of tape anchor the dressing. 

Following the initial care of the wound in the 
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Fic. 1. Stryker frame covered with aluminum foil to 
prevent burned areas from sticking to the sheets. 


operating room, the patient is transferred to 
a single room and is managed with scrupulous 
isolation and aseptic technic. This includes use 
of mask, cap, gown and gloves by each medical 
and nursing attendant. If the exposure technic 
has been elected, the patient lies on a clean 
sheet, and a similar sheet is suspended over 
him on a frame. If part of the burned areas 
touch the bed or Stryker frame, sterile alumi- 
num foil is placed under that part. Larger 
children are most conveniently placed on a 
Stryker frame, since changes of position are 
easy and the over-all nursing care is simplified. 
(Fig. 1.) Infants and toddlers may be placed 
on a Bradford frame, which also simplifies 
nursing care though not position changes. 


INFECTION 


Infection is the most serious threat to life 
in an extensively burned child and is by far the 
most common cause of death. In our experience, 
infection invariably develops in these third 
degree wounds. Attempts at prevention inciude 
rigid enforcement of aseptic technics, careful 
isolation of the patient and prophylactic anti- 
biotic therapy. None have been successful, 
although their usefulness in minimizing an in- 
fection or controlling its spread to other pa- 
tients (cross infection) is more difficult to 
determine. Infection with Group A beta hemo- 
lytic streptococcus has become exceedingly 
uncommon, presumably due to the almost 
universal use of penicillin in the antibiotic 
program. On our service, the most common 
responsible organisms for either local infection 
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or septicemia are Staphylococcus aureus and 
Pseudomonas aeruginosa. Proteus vulgaris is 
cultured less frequently, and occasionally a coli- 
form organism is identified. 

Fortunately, infection in the burn wound 
itself is usually well tolerated by the patient 
and is not often an important cause for graft 
failure. Removal of the necrotic burn slough 
by debridement and provision of adequate 
drainage by tubbing or saline compresses are 
presently the most effective means of control- 
ling local wound infection and preparing the 
granulating surfaces for grafts. Systemic anti- 
biotics have no discernible effect on this infec- 
tion, but are ordinarily administered twenty- 
four hours preceding and forty-eight hours 
following a debridement or skin grafting proce- 
dure in the hope of preventing infection of the 
blood stream. Culture and sensitivity studies 
of the wound are essential in determining the 
appropriate antibiotic. The value of locally 
applied antibiotics is not easy to estimate, but 
in general these have not been rewarding. How- 
ever, locally applied polymyxin B has seemed 
to be of considerable help at times in preparing 
a burn infected with Pseudomonas for grafting. 
Cason and Lowbury report favorable results 
with the use of a locally applied cream contain- 
ing neomycin, chlorhexidine and polymyxin B 
[4]. In their study, this preparation signifi- 
cantly diminished and at times entirely elimi- 
nated beta s., S. aureus and Pseudomonas from 
burn wounds, and takes of skin graft in patients 
so prepared were superior to those in control 
patients. 

As emphasized by Artz and Reiss [1], septi- 
cemia is most often encountered in the first 
two weeks after burning, presumably because 
granulation tissue with its resistance against 
blood stream invasion has not yet formed. 
Septicemia is much more commonly encoun- 
tered in third degree burns of 30 per cent body 
surface or more, than in lesser burns. A spiking 
fever, rapid pulse, failure to form granulation 
tissue, disorientation and delirium are clinical 
characteristics. Abdominal distension and ina- 
bility to handle oral feedings are common. A 
positive blood culture, usually coagulase posi- 
tive Staphylococcus or Pseudomonas, com- 
pletes the picture. 

Treatment of septicemia must be vigorous. 
Systemic antibiotic therapy based on culture 
and sensitivity results are mandatory, and 
bactericidal drugs in full dosage are employed. 


670 


Bacitracin is most often the agent of choice 
with septicemia due to Staphylococcus, and 
polymyxin B with Pseudomonas. Repeated 
blood transfusions are a vitally important part 
of treatment. Intravenous fluid and electrolyte 
replacement is required because of ileus. High 
fever can be controlled by salicylates and cool- 
ing devices such as ice packs. Oxygen therapy 
is valuable if shock develops. Proper wound 
care of the patient with septicemia consists 
largely of providing the best possible drainage 
by the use of saline compresses. Daily minimal 
debridement is undoubtedly helpful, but a 
major debridement or excision are beyond the 
patient’s endurance. Local antibiotics, using 
such drugs as neomycin, bacitracin and poly- 
myxin B, may prove advantageous. Frank 
shock with hypotension and renal failure are 
treated with blood transfusions, proper regula- 
tion of intravenous fluid intake, and pressor 
drugs. These latter manifestations are grave 
prognostic indications. 


NUTRITION 


Children with extensive burns rapidly lose 
weight unless nasogastric tube feedings are 
relied on as the principle route of nutrition. 
These are supplemented by regular meals ac- 
cording to the desires and whims of the child, 
but even the most tempting and attractively 
served meals will not be consumed in sufficient 
quantity to prevent weight loss. 

For the first forty-eight hours, the child is 
allowed only small amounts of clear fluids by 
mouth, since vomiting so often follows if more 
is offered. After that time, a small-caliber 
plastic nasogastric tube is passed. This is often 
unappreciated and even actively resented, so 
that reinsertion is necessary from time to 
time. Usually within a few days, however, the 
tube ceases to be an irritation and is scarcely 
noticed. (Fig. 2.) Glucose electrolyte solutions 
are started by tube on the third day in quanti- 
ties of 50 to 100 cc. at hourly intervals. On the 
day after, skim milk is substituted; homog- 
enized milk is then given at a later date. Quan- 
tities of 100 cc. per hour are ordinarily well 
tolerated by a four year or older child, and, 
happily, extensive full thickness burns are 
uncommon in the earlier years. Homogenized 
milk is continued for several days, changing 
the routine to 200 cc. at two hour intervals 
after a day or so for easier nursing care. These 
feedings are started at 6 a.m. daily and dis- 
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TABLE 1 
TUBE FEEDING FORMULA 


Protein 


(gm.) Calories 


Substance Quantity 


670 
245 
80 


Homogenized milk... . 
Dry skim milk....... 
Strained liver 


(to make | 
1,000 cc.) | 


| 
| = 995 


continued after 10 p.m. This probably allows 
the child to rest more comfortably, and cer- 
tainly avoids the possible tragic consequence 
of vomiting and aspiration at night when nurs- 
ing attendance is often less than ideal. 

After toleration to homogenized milk is 
assured, a “burn formula” containing 70 gm. 
protein and 1,000 calories per liter is begun. 
This is a milk base formula with added protein 
and carbohydrate as indicated in Table 1. It 
should be stressed that the burned child may 
have difficulty tolerating such feedings, as 
manifested by diarrhea and at times abdominal 
cramps. If so, the feedings are reduced in con- 
centration to homogenized or skim milk as 
indicated. No exact time schedule can be given, 
but most children tolerate this formula well 
within the first week or ten days after being 
injured. One should not attempt to advance 
either the quantity or the concentration of the 
tube feedings rapidly. A slow progression is 
much wiser, since these sick children have a 
sensitive intestinal tract. The goal is based on 
estimated requirements of approximately 3 to 
4 gm. protein per kilogram body weight and 
40 to 45 calories per kilogram of body weight, 
which have been particularly successful in 
minimizing weight loss and maintaining ade- 
quate nutritional status. 

Vitamins are added to the nutritional pro- 
gram, giving a minimum of 500 mg. of ascorbic 
acid daily and a standard vitamin B complex 
supplement. 


ANEMIA 


Anemia inevitably develops in the severely 
burned child. In all probability, bone marrow 
depression secondary to sepsis is the most re- 
sponsible factor, although actual blood loss 
from the wound and hemolysis are probably 


Fic. 2. Nasogastric tube feedings are relied on as the 
nutritional mainstay in extensively burned patients. 
The small plastic tubes are well tolerated. 


additional factors. If this anemia is not pre- 
vented, control of sepsis, nutrition and takes 
of skin grafts suffer. Repeated blood trans- 
fusions in quantities of 5 to 10 ml. per pound 
of body weight (up to 500 ml) are required and 
usually must be repeated twice weekly until 
the burn wound is almost covered. The hemo- 
globin level should be maintained at a minimum 
level of 15 gm. Repeated clinical experience 
clearly indicates that lesser levels are associated 
with poorer skin graft results. 


WOUND DEBRIDEMENT 


The proper timing and technics of debriding 
a burn wound in preparation for grafting are 
debatable. Earlier and more aggressive tech- 
nics are replacing the older concept of allowing 
the eschar to separate spontaneously. By our 
present method, the patient is debrided under 
light general anesthesia on about the fourth 
day following the burn. Inhalation anesthesia 
using Fluothane® allows rapid induction and 
recovery with safety when administered by an 
expert anesthesiologist. The patient is con- 
veniently anesthetized on his cart, the burned 
areas cleaned with hexachlorophene solution 
and aqueous Zephiran, and the child then 
lifted to the operating table which has been 
covered with sterile sheets and a layer of sterile 
aluminum foil. This debridement is performed 
using the Brown electrodermatome, as de- 
scribed by Meeker and Snyder [9], or with the 
Ferris-Smith knife. The eschar is removed to 
a depth at which capillary bleeding is encoun- 
tered. The wound is then dressed as previously 
described, using Furacin Adaptic gauze as the 
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Fic. 3. Dressing changes are facilitated and excellent 
drainage and hygiene of the wound obtained by tubbing. 
A detergent is added, and a bubbler agitates the water. 


base, followed by saline-soaked gauze flats, 
combination pads, Kerlix rolls and stockinet. 

The team of surgeons, anesthesiologist and 
nurses must be well oriented to make the surgi- 
cal procedure rapid, efficient and safe. Ade- 
quate personnel and equipment are necessary. 
An intravenous needle must be in place to 
ensure blood replacement during the procedure. 
The time of anesthesia should not exceed one 
hour, since longer procedures are often at- 
tended by peripheral vascular collapse and 
hypothermia. 

A second debridement is customarily per- 
formed three days later, and a third debride- 
ment is sometimes necessary before a surface 
free from necrotic tissue and suitable for graft- 
ing is obtained. If the burn wound is infected 
and dirty, tubbing between debridements 
provides excellent drainage and affords gentle 
debridement. A sedative or analgesic agent such 
as Demerol is given prior to the procedure. The 
outer layers of the dressing are removed and 
the patient immersed in the tub except for his 
head. A detergent is added to the comfortably 
warm water, and a bubbler agitates the water 
[3]. (Fig. 3.) The inner layer of dressing sepa- 
rates with little pain or trauma, and the exu- 
date and loose necrotic debris are washed away. 
Tubbing may be started forty-eight hours after 
debridement. The child’s wounds are redressed 
at his bedside following the tubbing. Obviously 
the tub and its surroundings must be thor- 
oughly cleaned and decontaminated after 
each use. 

Early excision of full-thickness burns with 
prompt skin grafting is certainly the theoretical 


ideal treatment. Cope et al. demonstrated the 
feasibility in this method in fairly small, well 
demarcated third degree burns [5]. One problem 
in the method is initial determination of the 
exact limits of the full-thickness areas. Another 
is the timing of the excision with respect to the 
shock phase. Excision within a few hours after 
grafting adds the danger of additional shock 
to an injury which induces shock; delay of two 
or three days may mean excision of an already 
infected wound. Jackson et al. have evaluated 
excision and grafting as soon as the patients 
have been resuscitated [7]. They were unable 
to demonstrate any improvement in morbidity 
and mortality as compared to patients treated 
in a conventional manner. However, they feel 
this method is indicated in three situations: (1) 
a burn not only of the full thickness of skin but 
also extending through most of the subcutane- 
ous tissue; (2) full-thickness burns of suitable 
location of 15 to 20 per cent of the body surface; 
and (3) encircling and constricting burns of 
the trunk, limiting thoracic and abdominal 
respiration. 

Our limited experience with this method also 
indicates that it is sound for patients with 
up to 20 per cent burned body surface. We have 
thus far delayed excision for 48 to 72 
hours, and followed with grafting forty- 
eight hours after excision. However, the 
critical problem is the patient with 30 to 50 or 
more per cent of the body surface burned. It is 
in this category that the crucial problems of 
septicemia and high mortality are met. It is 
hoped that refinements of the technics of early 
excision and grafting will permit significant im- 
provement of patients in these latter categories. 


RESURFACING OF THE BURN WOUND 


Skin grafting is ordinarily begun by the 
tenth to fourteenth day, and is repeated at 
weekly intervals until healing is complete. The 
child is tubbed prior to the operation, and is 
brought to the operating room on a cart. He 
lies on sterile aluminum foil to prevent burned 
areas from sticking to the sheet and is covered 
by sterile sheets over a frame. Anesthesia is 
induced and skin preparation performed on the 
cart before moving him to the operating table. 
(Figs. 4 and 5.) Donor and recipient sites are 
prepared with separate setups and are draped 
apart whenever possible. 

Flat healthy granulating areas are not dis- 
turbed. Exuberant granulations are totally 


ab = 
* 
672 
\ 


Management of Severely Burned Children 


Fic. 4. Child lying on a transportation cart, following tubbing. Granulations 


are clean and ready for grafting. 


Fic. 5. Anesthesia induced with child on cart. Burned and donor areas are separately pre- 
pared, and the child is then transferred to the prepared operating table. 


removed down to a firm base of subcutaneous 
tissue. The scalpel handle is an efficient instru- 
ment for this purpose. Bleeding as a result of 
this procedure is usually not severe and is easily 
controlled with warm gauze compresses. During 
the first part of the operation, the surgical and 
nursing team is divided into two parts: one 
responsible for preparing the burn wound for 
the grafts and the other for taking the grafts. 
Every effort should be made to avoid cross 
contamination. Those responsible for taking 
the grafts should avoid all contact with the 
burn wound until the donor sites are com- 
pletely dressed, and obviously those removing 
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the granulation tissue should not contaminate 
the donor areas. 

Sheets of thin split-thickness grafts are 
taken with the Brown electrodermatome. 
These grafts are 0.008 to 0.010 inches in thick- 
ness. The thighs, buttocks, back and legs are 
ideal donor sites with this instrument. Bleeding 
from the donor sites is allowed to cease spon- 
taneously, and it is surprising how quickly 
hemostasis is achieved and how little is the 
amount of blood lost if the temptation to apply 
hot or cold compresses is resisted. Donor sites 
handled in this fashion heal rapidly. The outer 
layers of dressing on donor sites are removed 
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in five to seven days, and the adherent Furacin 
Adaptic gauze is left in place. As this inner 
dressing loosens, the freed edges are trimmed 
off until it separates entirely. Such donor sites 
can ordinarily be reused for a second “crop” 
of grafts within a month if necessary. 

As they are taken, the thin split-thickness 
grafts are backed on Furacin Adaptic gauze. 
Strips of this gauze are laid over a wooden 
board of appropriate size, and the grafts then 
applied to the gauze with their outer sur- 
faces next to the gauze. The grafts are easily 
smoothed out in this fashion, the gauze with 
adherent skin is removed from the boards, and 
the excess gauze is trimmed off with scissors. 
It is quite important to take thin grafts, since 
thicker grafts will roll in at the edges if they 
are backed as described and are not only cum- 
bersome to handle but also do not take as well 
as the thinner sheets. 

The grafts are then used to cover the full- 
thickness wounds. When backed as described 
they are quite easy to handle, and can easily 
be fitted into the burned area as desired and 
trimmed to fit accurately. The grafts are not 
perforated. Over the trunk and extremities 
(except for the hands and feet), it is not neces- 
sary to suture the grafts into place. Over the 
face, neck, hands and feet, precise suturing is 
required and grafts in the axilla must be simi- 
larly secured. 

The grafts are covered with saline-soaked 
strips of gauze. These are applied firmly and 
molded to the surface to which they are applied 
so that the underlying grafts will not slip. Addi- 
tional layers of dry gauze and combination 
pads are then applied, held in place with Kerlix 
rolls, and covered with stockinet. Burns across 
flexion areas such as the anterior neck, ante- 
cubital fossa, inguinal region and _ popliteal 
fossa are prone to develop flexion contractures 
even with the best management. Much can be 
done to prevent or minimize these contractures 
by maintaining positions of extension, before 
and after grafting, and covering with grafts as 
early as possible. The burned hand must be as 
carefully placed after grafting as before, in the 
position of function. With burns of the legs and 
feet, shortening of the Achilles tendon and an 
obstinate foot drop can be prevented only by 
maintaining the feet in 90 degrees dorsiflexion. 
By and large, plaster of paris splints and casts 
are avoided, although a light circular cast over 
the dressing of an extremity/may be advan- 


tageous if difficulty in maintaining proper 
positioning is anticipated. 

With an extensive burn, there is often a 
problem in deciding what areas should be 
grafted first. The face and the hands have first 
priority, followed by flexion areas of the elbow, 
knee and axilla. If the lower extremities and 
trunk are burned, the extremities are best 
covered first so that ambulation may be started 
as soon as possible. Similarly burned areas on 
the arms should be covered before the trunk, 
since early use of the arms is obviously advan- 
tageous. There is one situation in which these 
priority ratings do not hold, and that is the 
care of the child whose burned areas are so 
extensive that survival is in doubt. The best 
chance of survival is by early coverage of as 
much of the burned surface as possible, and 
this is most readily accomplished by grafting 
the large flat areas of the trunk and thighs 
first. 

As previously noted, these children do not 
tolerate prolonged procedures well. Every step 
of the operation is carefully planned in advance. 
The dressings are laid out in such a fashion as 
to permit rapid application. An adequate surgi- 
cal and nursing staff is ready to complete the 
procedure expeditiously as soon as induction of 
anesthesia starts. The anesthesia time is 
limited to sixty minutes, and within this period 
an efficient team can transfer as much skin as 
would ever be practical. 

In most cases, the dressing is next changed in 
five days. If infection becomes apparent, the 
dressing is changed earlier (on the fourth or 
third day). The dressing is most often re- 
moved by tubbing. This is usually well tolerated 
by the child if he is sedated, and is advan- 
tageous as it avoids using an anesthetic and 
losing perhaps a full day’s nutritional allotment. 
The tubbing is repeated on the sixth or seventh 
postgrafting day, and on the seventh day 
the patient is returned to the operating 
room again for a second grafting procedure. 
This sequence is repeated until all burned areas 
are healed. 

With some patients, tubbing may be poorly 
tolerated. In such instances, changing of the 
dressing is performed in the operating room 
under light general anesthesia. Six or eight 
hours before the dressing is changed, a number 
of rubber catheters are inserted into it and 
sterile saline solution is passed through the 
catheters to irrigate the dressing. This pre- 
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Fic. 6. A, extensive third degree burn with healthy granulations. B, one week following 
coverage with autografts to the thighs and homografts to the remaining areas. 


liminary saturation of the dressing makes its 
removal relatively simple and atraumatic. 

An additional technic is often helpful in pre- 
paring a dirty granulating surface for grafting. 
Moist saline compresses applied to such areas 
for twenty-four to forty-eight hours are re- 
markably effective in removing crusts, necrotic 
debris and exudate. This method works par- 
ticularly well for the face and neck, although it 
is applicable to any area of the body. It has 
the disadvantage of requiring diligent and 
careful nursing attention to ensure proper and 
continuous application of the compresses. 


SPECIAL PROBLEMS 


Technics of Applying Grafts. With third 
degree burn of 15 to 30 per cent of the body 
surface, there is usually no problem in finding 
adequate donor sites. In these cases, all full- 
thickness burns are covered in their entirety 
with sheets of split-thickness grafts. Often 
coverage is completed in one to three grafting 
procedures, and these patients may be released 
from the hospital in many instances within 
four to six weeks. 

In more extensive burns, there is often a 
serious problem of insufficient donor sites to 
use the above technic. Under these circum- 
stances, the sheets of grafts are cut into squares 
varying from 2 to 5 cm. on a side. These are 
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used to cover the granulating areas and are 
separated from each other by margins of ap- 
proximately 1 cm. The intervening areas heal 
by growth of epithelium across the bridges of 
granulating tissue. Such a technic allows a 
much larger area to be covered than the area 
of the donor grafts. The smaller the “postage 
stamp” grafts, the larger the area which can 
be covered. This technic is particularly applica- 
ble to burns of the trunk and extremities; it 
is not applicable to the face, neck and hands. 
Homografting. Homografts provide excel- 
lent temporary coverage of full-thickness burns, 
and are ideal in extremely extensive burns in 
which early coverage is important to minimize 
infection [2]. Such patients require repeated 
grafts, and often the same donor sites must be 
used two or more times for autografts. At the 
first grafting procedure, autografts are used to 
cover as much of the burn as possible and the 
remaining areas are covered with homografts. 
(Fig. 6.) If successful, these homografts last 
four to eight weeks, and during that time much 
can be gained for the patient in the control 
of infection and nutritional losses. The homo- 
grafts usually disintegrate and disappear 
rather abruptly over a period of a few days. A 
new crop of autografts can then be taken and 
again used to cover as much of the unhealed 
area as possible. If desired, homografts can 
again be used over remaining unhealed sur- 
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faces, but this second application rarely lasts 
for more than two weeks. 

Homografts are most conveniently taken 
from patients who have recently died. Per- 
mission is rarely denied if the need is properly 
explained. Young adults, who have died sud- 
denly in accidents, are ideal donors, and large 
areas of split-thickness grafts are taken from 
the back and thighs with the Brown electro- 
dermatome. This procedure is performed in the 
operating room with full aseptic technic. The 
skin is backed onto strips of Furacin Adaptic 
gauze, rolled up in saline-soaked gauze sponges, 
and placed in sterile glass jars. These jars are 
sealed, properly labeled, and stored in re- 
frigerators at 4°c. They may be used success- 
fully up to eight weeks later and possibly 
longer. 


SUMMARY 


The care of extensively burned children 
requires untiring attention to a multitude of 
problems, beginning with the control of shock 
and continuing until full coverage of the wound 
is obtained. Such care is best accomplished in 
a hospital unit which is staffed by a dedicated 
team of hospital personnel and provided with 
centralized ward facilities which make efficient 
management possible. 

Infection is the most serious threat to life 
in these patients. Early debridement and ade- 
quate drainage are the most important prin- 
ciples in the control of local infection. Manage- 
ment of septicemia includes use of systemic 
bactericidal antibiotics, employment of blood 
transfusions and local care of wounds to remove 
necrotic tissue and provide drainage. 

Nutritional losses are prevented by naso- 
gastric tube feedings. Anemia and blood volume 
deficits are forestalled by repeated blood 
transfusions. 


Early operative removal of the burn slough 
and prompt skin grafting are replacing the 
older methods of allowing the eschar to separate 
spontaneously. Debridement, beginning on the 
fourth day after burn, allows grafting to begin 
by the tenth to fourteenth day. Local care of 
the burn prior to and between graftings include 
tubbing and saline compresses. Since lengthy 
operations are poorly tolerated by these pa- 
tients, careful planning must precede and ade- 
quate personnel must be available to permit 
expeditious and efficient procedures. 
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RANIOCEREBRAL injuries can pose some of 
‘; the most disturbing problems which face 
any physician who deals with infants and chil- 
dren. Injuries to the head in this age group are 
extremely common as a result of birth, falls, 
vehicular and pedestrian accidents on the 
streets and accidents in various types of sports, 
particularly with baseballs and baseball bats, 
golf clubs, skating and sledding. 

Even more than among adults, there may be 
no reliable way in the early period after closed 
head injury to differentiate an unimportant 
bump from a potentially critical injury. Such 
trauma, therefore, must frequently be of great 
concern for a while not only to the patient and 
his parents, but to the general practitioner, the 
pediatrician and often to the neurologic surgeon 
as well. Temporary unresponsiveness followed 
by periods of furious crying and transient 
breath holding, then pallor, vomiting, inability 
to focus and, subsequently, increased drowsi- 
ness and irritability, may all occur in young 
children after mild as well as severe types of 
head injury. 

In a young child, both vital and neurologic 
signs may change with extreme rapidity. There 
may be few if any premonitory symptoms or 
signs before an abrupt change in the patient’s 
condition occurs. In a young child, fright and 
pain from associated injuries may make him 
entirely unreasonable and uncooperative and 
make clinical evaluation, therefore, extremely 
difficult. All of these factors emphasize the 
importance in infancy and childhood of re- 
peating careful clinical evaluation many times 
after injury to the head until progressive im- 
provement and recovery have been assured. 
Absence of a detailed account of an injury or, 
indeed, of any history of head trauma at all 
is common in childhood. It should be empha- 


sized also that the degree of craniocerebral 
trauma may not be a logical sequel to the type 
of injury. That is, the child who falls from a 
second story window may be only momentarily 
stunned whereas the baby who falls off a sofa 
to a carpeted floor may suffer a massive intra- 
cranial hemorrhage. 


EXAMINATION AND OBSERVATION 


Careful examination and recording of neuro- 
logic findings and vital signs should be carried 
out as soon as possible and then repeated at 
regular intervals until recovery is assured. 
While the findings at any one examination fol- 
lowing head injury are significant, it is of much 
greater importance to know how these findings 
may be changing during the period of observa- 
tion. Since they may alter with great rapidity 
in early childhood, they should at first be noted 
at frequent intervals. If the child remains stable 
or improves, the period between examinations 
may then be progressively lengthened. Elabo- 
rate neurologic examination is not only unneces- 
sary but is also unreliable and almost impossible 
to perform in the acutely injured child. It is 
much more important to note a few simple clini- 
cal signs and to observe these regularly. 

Following most types of closed head injury 
with simple concussion, with or without linear 
fracture of the skull and with or without minor 
degrees of subarachnoid bleeding, the maximum 
degree of alteration of the patients’ vital and 
neurologic signs occurs immediately. During 
subsequent observation and treatment, the 
child should then remain stable or improve. If 
repeated examination discloses instead a sub- 
sequent depression in the state of consciousness, 
a worsening of vital signs or an increase in focal 
neurologic abnormalities, it probably means 
that surgical intervention will be necessary to 
rule out intracranial bleeding, and certainly 
always means that such a child should be hos- 
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pitalized where careful observation can be 
continued twenty-four hours a day. 

Children, who have simply hit their heads 
with no loss of consciousness or neurologic 
sequelae and those who have been only mo- 
mentarily stunned and recover rapidly with no 
objective abnormalities, are usually much 
better managed at home under the care of 
their parents after initial observation. It is wise 
under these circumstances to set certain inter- 
vals, such as every one to two hours for the first 
twelve hours, at which the parent should ob- 
serve the child’s alertness, motion of his ex- 
tremities and equality of the pupils. During the 
first night or napping period after such an 
injury, the child should be awakened two or 
three times to be sure that he is in a natural 
sleep and not slipping into an unresponsive 
state. If the child’s alertness, cooperation and 
appetite return quickly to normal, treatment 
should be limited to such observation. Increase 
in headache, appearance or reoccurrence of 
vomiting, increased drowsiness, inequality of 
pupils, muscular twitching or extremity weak- 
ness should be reported to a physician promptly. 

Clinical Signs. The most important single 
observation relative to the severity of intra- 
cranial trauma is the level of consciousness. In 
a young child, this may be difficult to evaluate. 
If a child is old enough and sufficiently alert to 
obey commands, his level of consciousness can 
be followed by the accuracy and speed with 
which he responds. If he is too young or stu- 
porous to respond to questions, the degree of 
response to some standard form of painful 
stimulus such as pin-prick, pinching the skin 
of the neck or squeezing the pectoral muscle is 
most satisfactory. Evaluation of eyelid reflexes 
may also be helpful. 

Since the size and activity of the pupils are 
much more important in evaluating acute in- 
jury to the central nervous system than is the 
appearance of the optic discs, pupillary function 
should never be paralyzed by mydriatics. Bi- 
lateral pinpoint pupils in the absence of large 
amounts of medication indicate probable brain 
stem contusion, but not irreversible injury. On 
the contrary, bilateral dilated fixed pupils, 
which are usually accompanied by irregular 
respirations and decerebrate rigidity, ordinarily 
indicate hopeless damage to the brain stem. Of 
greatest importance is the presence of asym- 
metrical pupils, particularly when one pupil is 
observed to dilate while under a period of ob- 


servation after head injury; this always should 
be assumed as indicating a lateralizing brain 
injury and usually means localized intracranial 
hemorrhage on the side of the dilated pupil. 

The simple deep tendon reflexes (biceps jerk, 
knee jerk and ankle jerk) can be observed in 
children of any age, as can the reaction to 
scratching the outer aspect of the sole of the 
foot (Babinski response). More elaborate motor 
and reflex examination should not be attempted 
ordinarily. The appearance of abnormal deep 
tendon reflexes or an extensor plantar response 
during a period of observation should always 
alert the observer to the possibility of localized 
intracranial hemorrhage. 

It is important to re-emphasize that when- 
ever new neurologic abnormalities appear, such 
as increased stupor, pupillary abnormality, 
motor paralysis or reflex changes which were 
not present immediately after an injury, it 
must be assumed that progressive damage is 
occurring subsequent to the original injury and 
that it is due to intracranial hemorrhage, until 
this is ruled out. 

Vital Signs. After severe head injury in 
childhood, pulse rate, respiratory rate, blood 
pressure and temperature should be recorded 
as soon as possible. Again, what these are at 
any one observation is not as important as how 
they change with the passage of time. A pro- 
gressive slowing of the pulse or of the respira- 
tory rate, a gradually rising blood pressure or a 
widening pulse pressure may be the first indi- 
cation of serious increase in intracranial pres- 
sure and appear before there is any abnormality 
found on neurologic examination. It should be 
emphasized here that in infants and young 
children, the clinical picture of severe intra- 
cranial bleeding may be quite different from 
the classic one described for adults; that is, the 
picture of hemorrhagic shock may be super- 
imposed on that of head injury so that the 
infant’s skin becomes pale and cool, the pulse 
rapid and weak instead of bounding and slow, 
and the blood pressure may fall instead of rise. 
Hemoglobin values as low as 6 to 8 gm. per 
100 ml. have been found in young infants very 
soon after severe degrees of intracranial 
bleeding. 

Roentgenographic Examination. X-ray films 
of the skull seldom contribute essential informa- 
tion to immediate care in the acute phase of 
head injury and they are contraindicated in the 
frightened overactive unmanageable child, or 
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in the presence of shock or a poor airway. 
Portable roentgenograms of the skull, particu- 
larly in children, are usually worthless. If an 
acute surgical emergency such as an extradural 
hemorrhage is suspected, decision to operate is 
based on neurologic and vital signs rather than 
roentgenographic findings, and films should be 
obtained only if they do not delay or endanger 
proper immediate treatment. X-ray films of the 
skull should eventually be made of all children 
who have been rendered unconscious or who 
show persistent headache, vomiting or abnor- 
mal neurologic signs, but only after the child’s 
condition has stabilized. They are important in 
disclosing certain types of depressed and com- 
pound fractures not otherwise recognized and 
they may be important for medicolegal 
considerations. 


TREATMENT 


Certain measures common to the manage- 
ment of all infants and children with head in- 
jury accompanied by unconsciousness are con- 
sidered first of all; these are appropriate in 
either closed or open injuries. The most impor- 
tant feature in the care of the unconscious child 
is to make certain his airway is adequate. Fright 
and severe crying often accentuate the respira- 
tory problems inherent to the injury itself. 
Children vomit readily and often repeatedly 
after head trauma and the danger of aspiration 
under circumstances of stupor or deep coma is 
obviously great. The stomach should be emp- 
tied through a nasogastric tube as soon as 
possible in every comatose child, particularly 
if there has been any attempt to vomit. It 
must be remembered also that as coma deepens, 
the coughing, spitting and swallowing reflexes 
are all depressed so that ordinary nasopharyn- 
geal secretions are not handled properly and 
may be aspirated. It is important, therefore, 
that the child be placed on his side or on his 
face and never flat on his back. The head of the 
bed or litter may be slightly lowered. 

Whatever additional maneuvers are neces- 
sary should be carried out to assure a clear 
airway. This may entail the use of an oro- 
pharyngeal or nasopharyngeal airway helped 
by gravity drainage and facilitated by mechani- 
cal or electrical suction. If there is any evidence 
of respiratory obstruction, direct tracheal or 
bronchoscopic aspiration should be performed 
promptly. If the airway is clear and the patient 
is still cyanotic or respirations are labored 


oxygen should be administered, either in a tent 
or by nasal tube. In children who are deeply 
comatose or who remain unconscious for any 
length of time, elective tracheostomy is desira- 
ble to facilitate the handling of secretions and 
the maintenance of the optimum aeration of 
the lungs. In patients with head injury, tra- 
cheostomy is rarely an emergency life-saving 
maneuver and should rather be carried out 
carefully as an elective procedure under opti- 
mum conditions. 

After assuring a satisfactory airway, evalua- 
tion and treatment of the peripheral circulation 
are next in importance. In patients with simple 
closed head injuries, rest, reassurance and relief 
of pain are all that are necessary. Bleeding from 
lacerations of the scalp should be controlled 
immediately. Blood loss from trauma elsewhere 
should be replaced promptly. 

Increased intracranial pressure in the absence 
of localized intracranial bleeding is treated in 
childhood by a number of maneuvers. Mild 
degrees of increased pressure associated with 
some subarachnoid hemorrhage and causing 
persistent headache, irritability and overactiv- 
ity can be helped by repeated careful lumbar 
punctures at which time spinal fluid is with- 
drawn slowly until the pressure is reduced to 
approximately one-half its initial value. Rou- 
tine lumbar punctures in instances of head 
injuries in childhood are not indicated and 
certainly should not be performed during the 
acute phase of injury on a child who is inshock 
or has respiratory difficulty or who is simply 
severely frightened. More severe degrees of 
cerebral swelling may be treated by the use of 
hypertonic solutions. Fifty per cent glucose and 
sucrose, concentrated plasma and _ salt-free 
albumin have all been used to advantage but 
have all shown untoward side effects occasion- 
ally and frequent undesirable secondary rises 
in intracranial pressure. 

The most effective and safe means available 
today for rapid and consistent reduction of 
cerebral swelling after head trauma is provided 
by the intravenous infusion of a 30 per cent 
urea solution. This is administered in a dosage 
of 1:11¢ gm. per kilogram of body weight at a 
rate of 60 to 80 drops per minute. A mixture of 
urea in 10 per cent invert sugar in distilled 
water or in physiologic saline solution is recom- 
mended. Clinical improvement may appear 
within fifteen to thirty minutes after intra- 
venous administration is started and is usually 
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maximal within an hour. The dosage may be 
repeated every six to twelve hours depending 
upon the patient’s condition. The only real 
contraindication to its use is severe impairment 
of renal function. Water and electrolyte balance 
must be controlled carefully if urea is con- 
tinued for any length of time since the persistent 
diuresis may produce dangerous degrees of 
dehydration. 

Increased intracranial pressure after head 
injury should never be assumed as due to 
cerebral swelling and treated with urea, of 
course, until focal intracranial hemorrhage is 
ruled out. Prompt use of intravenous urea may 
be life saving until surgical treatment can be 
accomplished. 

Children develop hyperthermia after head 
injury with comparatively greater frequency 
and rapidity than adults. This is treated by 
standard doses of aspirin by mouth at regular 
intervals, or two to three times this amount by 
rectum; this is accompanied by external cooling 
of the body which is accomplished by exposure, 
alcohol sponging, ice packs and electric fan 
or the use of a refrigeration mattress, if this is 
available. It is much easier after head injury 
to keep a child’s temperature below 101°F. by 
these means than it is to get it back down again 
after it reaches 105°F. 

Recently, more profound degrees of hypo- 
thermia have been used in the treatment of 
severe cerebral swelling. In general, this type of 
treatment has been reserved for patients with 
respiratory irregularity, decerebration and hy- 
perthermia in whom intracranial blood clots 
have been ruled out. The purposes of chronic 
hypothermia are reduction of the metabolic 
needs of the brain and reduction of brain 
swelling over a sufficiently long period of time 
to permit gradual recovery from generalized 
contusion. It is quite easy to cool children as 
compared to adults and easy to keep them at 
satisfactory levels once they are cool. In this 
clinic, we have used the Thermorite mattress 
and have kept patients with such head injury 
at a temperature of 86 to go°r. During the 
cooling process and occasionally thereafter, it 
may be necessary to give small amounts (10 to 
25 mg.) of Thorazine® at intervals to prevent 
shivering. Chronic hypothermia for periods of 
one to three weeks has been carried out on a 
number of occasions without side effects or 
complications and with the definite clinical 
impression that the end result had thereby been 
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much improved. In the hypothermic state, chil- 
dren are maintained only on small amounts of 
intravenous 5 per cent glucose in water and 
saline. Children with head injury should be 
normally hydrated. There is no indication 
for active dehydration with the use of strong 
purgatives. 

Aspirin by mouth or by rectum is ordinarily 
the most satisfactory sedation available to 
control the headache, restlessness and irritabil- 
ity which follow mild head injury in early 
childhood. It may be supplemented by small 
amounts of codeine or Demerol® to advantage 
when the vital signs are normal, particularly if 
there are associated painful injuries elsewhere. 
Some of the recently introduced tranquilizing 
drugs such as Sparine® and Compazine® have 
proved of great value in decreasing the restless- 
ness, nausea and irritability often encoun- 
tered. In general, morphine should be avoided, 
particularly in unconscious patients. For ex- 
tremely overactive maniacal behavior, intra- 
muscularly or rectally administered paralde- 
hyde is a safe and usually satisfactory drug. 

Generalized convulsive seizures occasionally 
occur during the acute phase of head injury in 
childhood as a result of cortical laceration, 
contusion or subarachnoid bleeding. Intra- 
muscular or intravenous sodium phenobarbital 
or sodium Amytal® is usually sufficient to con- 
trol the acute seizure following which the 
patient should be put on maintenance dose of 
barbiturates or Dilantin® sodium for an indefi- 
nite period. Intractable seizure states rarely 
occur after acute head injury, but if present, 
may need rectal Avertin® or general inhalation 
anesthesia for control. 

The nursing care of the unconscious child 
deserves some comment. Coma may persist for 
long periods. Under such circumstances, ade- 
quate skin care with frequent turning and 
protection of pressure points is essential. Con- 
stant bladder drainage with appropriate anti- 
biotic protection must be maintained. If a 
tracheostomy is left in place for long periods, 
the tube should be changed frequently. The 
trachea should be kept moist. Staphylococcus 
tracheitis and pneumonitis soon intervene if 
local care is poor. Finger nails should be clipped 
closely. Meticulous mouth and eye care are 
imperative. If the child is unable to swallow, 
nasogastric feedings to provide an adequate 
intake of calories, vitamins and protein should 
be started promptly, before the child begins to 
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lose weight -if possible. If prolonged supple- 
mentary feeding appears necessary and the 
child has a tracheostomy in place, we have 
found the use of a feeding gastrostomy particu- 
larly satisfactory. 

Early ambulation and rehabilitation of chil- 
dren with closed head injuries is desirable and 
usually not much of a problem. As soon as vital 
signs have remained stable for a reasonable 
period, if the neurologic examination is negative 
and the child free of symptoms, mobilization 
should be encouraged. It is neither necessary 
nor desirable for children with mild concussion 
or contusion, or with linear fractures of the 
skull, or mild subarachnoid bleeding to remain 
flat in bed for long periods of time providing 
their clinical progress is satisfactory. Gradual 
increase in physical activity, avoiding extremes 
of fatigue, should be encouraged. The parents 
as well as the children may need to be encour- 
aged after injury, particularly after mild and 
apparently completely reversible head injuries. 
The physician should reassure parents as soon 
as justifiable of the probable complete recovery 
without serious sequelae which they may ex- 
pect. Post traumatic neuroses in both child and 
parent may often be avoided or minimized by 
judicious foresighted advice. 


SPECIAL SURGICAL PROBLEMS 


Birth Injury. A wide range of intracranial 
trauma may result from the stresses of labor 
and delivery. Undue molding and compression 
of the skull at birth may result in tearing of 
dural reflexions and their contained venous 
sinuses or rupture of small cortical vessels or 
tributary bridging veins. Depression of one of 
the cranial bones or separation of the sutures 
may occur. 

Craniocerebral birth injury is apt to be 
manifested by irregular respiration, pallor or 
cyanosis, feeble cry, apathy, involuntary mus- 
cle twitching or frank convulsive seizures. 
Intracranial bleeding is often accompanied by 
hypertonicity, irritability and hyperactive deep 
tendon reflexes. Severe intracranial hemorrhage 
incident to delivery is frequently promptly 
fatal. Lesser degrees of hemorrhage should be 
treated by oxygen administration, maintenance 
of the best possible airway and other supportive 
measures including intramuscular vitamin K. 
Irritability and convulsions should be treated 
by parenteral barbiturate therapy. In the pres- 
ence of increased intracranial pressure, judi- 


cious lumbar and subdural punctures for re- 
moval of bloody fluid are indicated. Emergency 
intracranial operative procedures to remove 
hemorrhage in the newborn are not indicated. 

Cepbalobematoma. Hemorrhage under scalp 
and skull or between the periosteum and skull 
occurs frequently as a result of difficult delivery 
and with linear skull fracture in early infancy. 
This may reach quite alarming proportions but 
in most instances should be left alone as it will 
reabsorb spontaneously. However, if the swell- 
ing continues to increase and the scalp becomes 
stretched and shiny, careful needle aspiration 
under full aseptic precautions should be per- 
formed. Subperiosteal hematomas frequently 
calcify, but with subsequent growth are usually 
molded to the normal shape of the skull and do 
not need to be surgically removed. 

Depressed Fracture. Impacted depressed 
areas of the bones of the cranial vault occur as 
a complication of undue pressure of the fetal 
head against the maternal pelvis during difficult 
labor or as a result of the application of forceps 
or digital pressure on the head at the time of 
delivery. These depressed fractures ordinarily 
do not become re-elevated spontaneously. 
Because of the rapid growth of the infant’s 
brain during early life, it is advisable to elevate 


them promptly so as to prevent any area of 
local cortical compression. This is easily ac- 
complished under local anesthesia through a 
small scalp incision. A blunt instrument can 
be introduced through a small burr hole 


and used to lever the bone back into 
position. Occasionally in large lesions, a linear 
cut in the depressed bone may be necessary. 

Linear Fracture. A simple linear fracture of 
the skull in childhood, even though of con- 
siderable length, in which there is no wide 
separation or depression of the fragments does 
not ordinarily require treatment different from 
that of closed head injury without fracture. 
Certainly, roentgenographic evidence of any 
fracture, however, is documentation of a rela- 
tively severe blow and indicates that such a 
child should be watched carefully for several 
days, particularly if he was rendered uncon- 
scious by the injury. It is not necessary to 
hospitalize every child who has a linear skull 
fracture. If the neurologic and vital signs re- 
main normal and the child has intelligent stable 
parents, he is usually better off in his home 
where recovery can proceed under familiar 
surroundings. 
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1 
Extradural 
hematoma 


Lacerated 
middie 
meningeal 
artery 


Torn pial artery 
with subarachnoid 
nemorrhage 


Ruptured bridging 
vein 


2 
Subdurai 
hematoma 


Torn 
pial 
artery 


3 
Intracortica 
hematoma 


Fic. 1. Types of intracranial hemorrhage in closed head injury. 


Diastatic Fracture. In early childhood, blows 
to the head often result in traumatic separation 
of the cranial sutures rather than in fracture 
of the bone itself. This may be missed on roent- 
genographic examination by the unwary ob- 
server. These diastatic fractures most com- 
monly involve the lambdoid suture and are of 
importance because they may be associated 
with extradural hemorrhage due to rupture of 
emissary veins or meningeal vessels. 

Depressed and Compound Fractures. This 
type of injury in childhood always requires the 
attention of someone trained in specialized 
technics of neurologic surgery. There is no 
satisfactory first aid surgery for this type of 
injury; the initial operative treatment should 
be the definitive one. Therefore, early manage- 
ment by initial observers should consist of 
shaving the margins of open wounds, applying 
sterile dressings, initiating chemotherapy and 
tetanus antitoxin, giving supportive treatment 
as far as airway, circulation, fluids and sedation 
are concerned and then arranging for definitive 
neurosurgical treatment. With present day anti- 
biotic protection, considerable delay is justified 
if necessary in order to assure that proper per- 
sonnel and equipment are available for defini- 
tive surgical repair. Ordinarily, in the presence 
of compound depressed skull fractures, surgery 
should never be attempted until a child is out 
of shock, his vital signs are stable, endotracheal 
inhalation anesthesia induced and whole blood 
for transfusion available. 

Special note is made of the importance of 
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small penetrating injuries which may occur in 
childhood as results of falls on small sharp 
objects such as sticks, pencils and various kinds 
of metallic, plastic or wooden toys. A penetrat- 
ing wound around the temporal region, or 
around the eye or in the face should suggest the 
possibility of a sharp object entering the cranial 
cavity through the orbit or the floor of the 
frontal or middle fossa. Careful x-ray films 
should be made in these circumstances for 
possible detection of a driven in fragment of 
bone or foreign body. 

Leptomeningeal Cyst. During the first two 
years of life, when linear fracture of the skull 
is associated with an unrecognized tear of the 
underlying dura, herniation of the arachnoid 
through the dural tear may occur. As growth 
proceeds, a sac-like protrusion or leptomenin- 
geal cyst occurs which increases in size and 
may erode a large area of bone as it protrudes 
outward. It may also compress brain if it pro- 
trudes inward. It is, therefore, wise in every 
linear fracture of the skull in the first year or 
two of life to obtain follow-up x-ray films in 
three to six months even in the absence of 
symptoms, in order to detect any skull defect. 


INTRACRANIAL HEMORRHAGE 


Associated with closed head injury in child- 
hood, several types of intracranial hemorrhage 
occur as indicated in the accompanying illus- 
tration. (Fig. 1.) 

1. Extradural Hematoma. 
orrhage occurs in infants and young children 
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relatively infrequently, but unless it is recog- 
nized and treated promptly, the mortality is 
high. This bleeding is usually associated with 
fracture through the squamous portion of the 
temporal bone causing laceration of the middle 
meningeal vessels. Extradural bleeding may 
also be seen in young children due to rupture of 
emissary veins, particularly in the mastoid 
region, following diastatic fractures of the 
lambdoid suture. It may also be seen due to 
stripping away of the dura in the absence of any 
fracture. When in the early period after head 
injury there is progressive and often rapid loss 
of consciousness, unilateral pupil dilation, 
hemiparesis and evidence of increased intra- 
cranial pressure, extradural hemorrhage must 
be considered present until proved otherwise by 
surgical exploration. Such exploration should be 
carried out promptly whether or not x-ray films 
have been made. Whole blood for transfusion 
should always be available and actually running 
into the child before operative exploration for 
extradural bleeding is undertaken. If ruptured 
middle meningeal vessels can be secured before 
irreversible brain stem changes have occurred, 
complete recovery usually occurs following 
evacuation of the extradural clot. It is impor- 
tant to remember in infants and young children 
that the dura is often quite adherent at the 
sites of suture lines. Extradural hemorrhage 
from low laceration of meningeal vessels may 
therefore dissect the dura free from the floor 
of the middle fossa without extending up over 
the parietal area because it is restricted at the 
squamosal suture line. 

2. Subdural Hematoma. The second type of 
intracranial hemorrhage seen in closed head 
injuries is fairly common during the first two 
years of life. This is subdural bleeding, which 
results from a deceleration type of injury or 
from molding of the head in early life in which 
there is tearing of the veins which bridge from 
the cerebral cortex to the venous sinuses of the 
dura. Acute massive subdural bleeding occa- 
sionally occurs in early infancy due to virtual 
avulsion of a hemisphere away from its dural 
attachment to the falx or the tentorium. Such 
massive acute subdural bleeding is usually fatal 
within a few hours. 

Subacute and chronic subdural hematomas 
are much more common. There is no charac- 
teristic clinical picture of these conditions and 
often it is difficult to obtain any history of 
trauma. An infant in the first year of life 
should be suspected of having a subdural hema- 


toma whenever he is not eating and gaining 
well, is vomiting, is unusually irritable or 
drowsy, has unexplained convulsive seizures or 
develops focal neurologic signs. Subdural hema- 
toma in infancy is usually bilateral. The diagno- 
sis is made by subdural puncture through the 
coronal suture. Removal of subdural fluid by 
coronal suture taps should be continued until 
there is no further evidence of active bleeding 
and the infant is in good enough general condi- 
tion to be operated on. If burr hole exploration 
reveals evidence of membrane formation, 
craniotomy is advised, particularly during the 
first two years of life, for excision of these mem- 
branes in order to dry up the subdural space 
and allow for future normal brain growth. 

3. Intracortical Hematoma. The third type 
of intracranial hemorrhage associated with 
closed head injury is more rare and should be 
suspected whenever there are focal neurologic 
signs and extradural and subdural hematoma 
are ruled out. Under these conditions, there 
may be bleeding into the cerebral hemisphere 
associated with an overlying contusion, fracture 
or actual brain laceration. An intracerebral clot 
acts as a space-occupying lesion and may be 
associated with marked swelling of the sur- 
rounding brain. It may be necessary to perform 
contrast studies to localize such a clot before 
surgical treatment can be initiated. 

4. Petechial Hemorrhage. In severe degrees 
of cerebral concussion and contusion, there may 
be multiple petechial hemorrhages throughout 
the cerebral hemispheres, basal ganglia and 
thalamus. These multiple petechial hemor- 
rhages are usually associated with severe de- 
grees of cerebral swelling and profound changes 
in vital signs and brain stem function. It is in 
this type of patient that administration of urea 
intravenously and chronic hypothermia may 
be most useful. 

5. Subarachnoid Hemorrhage. The fifth type 
of intracranial hemorrhage shown in the illus- 
tration is by far the commonest. Small pial 
vessels, particularly those around the base of 
the brain, are ruptured frequently with bleeding 
into the circulating cerebrospinal fluid. This is 
responsible for meningeal irritation, fever, 
hyperactive reflexes, stiffness of the neck and 
often mild increased intracranial pressure. 
Treatment consists of the supportive measures 
already described for closed head injuries. It is 
not believed that repeated lumbar puncture 
simply for removal of blood in subarachnoid 
space is of any therapeutic value. 


Treatment of Common Childhood Fractures 


ABERT B. FerGusoN, JR., M.D., Pittsburgh, Pennsylvania 


From the Orthopedic Department, University of Pittsburgh 
and Children’s Hospital, Pittsburgh, Pennsylvania. 


N this article an attempt has been made to 
select those fractures that for one reason or 
another are thought of as unique to childhood. 
It is interesting that these fractures of child- 
hood are among the most common. A children’s 
orthopedic service could exhibit one or all on 
almost any day of the year. The comment is 
also restricted to those fractures in which some 
specialized knowledge helps greatly in treat- 
ment and in which the indications and mode of 
therapy are not always obvious. 


FRACTURE OF THE RADIAL EPIPHYSIS 


This fracture brings up some fundamental 
facts about epiphyseal fractures in general. 
They occur in the zone of provisional calcifica- 
tion which is the weakest part of the epiphyseal 
line. They continue on the metaphyseal side 
of the epiphyseal line until they near the 
opposite cortex where the line descends into the 
metaphysis. The force of the trauma can now 
lever the epiphysis producing a compressive 
force which holds the far side of the epiphyseal 


Fic. 1. In this view of an epiphyseal fracture of the 
radial epiphysis the small fragment of radial metaphysis 
remaining with the distal fragment can be seen just 
dorsal to the radius. Slight displacement of this portion 
of the metaphysis may be the only indication of an 
epiphyseal fracture. 
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line and causes a portion of the metaphysis to 
break off. This triangular segment of metaph- 
ysis may be the only evidence, made visible 
by x-ray film, that a fracture has taken place 
because the fracture line running along one side 
of the epiphyseal line is not apparent if dis- 
placement is minimal. (Fig. 1.) 

When the epiphysis is grossly displaced, the 
problem of recognition is not great if it has a 
well formed ossification center. In general, the 
two areas in which this may not be true and 
confusion exists are at the elbow (distal 
humerus) and proximal femur in infancy. 
(Radial epiphyseal fractures are not common 
in infancy and the epiphysis is well ossified 
in childhood.) 

In reduction procedures for this fracture it is 
well to remember that most of the fracture 
surface, though comminuted, is quite smooth. 
The only exception is the aforementioned 
triangle of metaphysis still adherent to the 
epiphyseal fragment. This being the case, it 
should slide readily and lock into place 
anatomically. In practice this is true. It is so 
true that it is often possible, after giving the 
patient a dose of morphine appropriate to his 
age, to push the dorsally displaced fragment 
into place in one quick, relatively painless 
maneuver. This is true when displacement is not 
marked—a third or less of the distal metaphysis 
having been uncovered. 

When displacement is marked, general 
anesthesia is required; however, restoration of 
normal anatomy without difficulty is the 
expected result of reduction. It may be 
necessary to increase the deformity by dorsi- 
flexing the wrist and distal fragment and then 
sliding the distal fragment into the metaphyseal 
end. 

Once reduced the fracture is held in a short 
arm cast with the wrist flexed ventrally. It is 
usually quite stable in reduction and six weeks 
is sufficient for healing. 


Common Childhood Fractures 


No growth interference is expected since the 
fracture has taken place through an area where 
growth of cartilage is completed. 


BOTH BONES OF THE FOREARM 


The type of both bone fractures seen in 
childhood is unique to this age group. Many 
clinicians would term them “greenstick” 
fractures although this represents the least 
important aspect of this fracture. Many have 
said that it is necessary to break the bone com- 
pletely at the site of fracture so that displace- 
ment is possible in order for anatomic reduction 
to be achieved. And this is true if one is not 
aware of one of the important aspects of this 
fracture. Displacement will be necessary for 
the correction of rotation which has taken place 
if the proximal and distal fragments are not 
lined up in exactly the correct rotational 
alignment. 

Rotation of the distal fragments in relation 
to the proximal fragments becomes one of the 
most important features in reduction. In many 
this apparently angular deformity can be 
corrected completely merely by rotating the 
distal fragments to the position of the proximal. 
(Fig. 2.) 

It is amazing how much deformity will be 
corrected by further growth as far as angulation 
is concerned and how little pronation and 
supination will return if not corrected ade- 
quately at the initial reduction. 

It is always well to get roentgenograms of the 
opposite forearm in full pronation and neutral 
and full supination and to compare these films 
with films of the injured arm in order to 
determine accurately the degree of pronation 
or supination that exists. If the proximal 
fragments are fully pronated and the distal 
fragments lack forty-five degrees of full 
pronation, that forty-five degrees will repre- 
sent the pronation loss and it is just that 
mathematical. 

When reduction maneuvers are attempted, 
they are executed with the proximal and distal 
fragments in the same degree of rotation. A long 
arm cast is of course necessary if this rotation is 
to be controlled. 

Occasionally the radius will be rather 
markedly displaced, not just “greensticked.”’ 
If it is evident on attempted reduction that 
these fragments cannot be brought together, 
there are occasions (even in childhood) when 
these fragments,must be visualized, the muscle 


Fic. 2. A, the apparent angular deform‘ty present in 
this fracture of both bones of the forearm is largely due 
to rotation of the distal fragments in relation to the 
proximal. B, after comparison with the normal side to 
determine the rotation of the proximal fragments this 
fracture was aligned by rotating the wrist. 


between them (usually pronator teres) re- 
tracted and the fragments brought into good 
contact. No internal fixation is necessary; and 
if the rotation of both fragments is accurate, 
the fracture will be stable. 


FRACTURE OF THE LATERAL CONDYLE 


This fracture is associated with some of the 
poorest end results in fractures of childhood. 
The reason lies in the high incidence of loss of 
blood supply to the condylar fragment. 
Diminished growth follows and the develop- 
ment of increasing cubitus valgus. The classic 
late development in the adult is ulnar nerve 
palsy. Nonunion of the condylar fragment is 
not uncommon and may lead to similar 
difficulty. 

The lateral condyle fragment involves the 
lateral epiphysis and one half of the trochlea 
and the characteristic triangle of the metaphy- 
sis also accompanies this epiphyseal fracture. 

It has been pointed out by McLearie and 
Merson [|] that dislocation of the elbow 
accompanies this fracture, the return to normal 
alignment with the medial half of the trochlea 
occurring spontaneously. This leaves the 
condylar fragment rotated and locked out of 
position for the possibility of easy anatomic 
reduction. 
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Fic. 3. A, the minimally displaced lateral condyle fragment. B, the displaced and rotated lateral condyle fragment. 


Fic. 3C, in either case nonunion of the fragment is a 
common complication with its accompanying growth 
disturbance. 


Reduction by closed manipulation is facili- 
tated if the elbow is redislocated, the fragment 
pushed in and flexion of the elbow then brought 
about. Anatomic reduction is then not unusual. 
(Fig. 3.) The complication of loss of blood 
supply and/or nonunion may still occur, but it 
is believed that they are greatly diminished. 
Open reduction may be necessary. If this is 
undertaken a lateral curvilinear incision is 
used and great care is taken to preserve the 
pedicle of soft tissue still attached to the lateral 
superior angle of the fracture segment. Ana- 
tomic alignment is demanded and the fixation 
used goes across the fracture line at the area 
of the metaphyseal fragment to avoid trans- 
fixing the epiphyseal line. 


SUPRACONDYLAR FRACTURES 


This fracture in its mild form without dis- 
placement is not associated ordinarily with 
complications in growth deformity or function. 
On the other hand, when displaced, unfortunate 
complications may ensue. 

Volkmann’s contracture follows displacement 
with the distal end projecting into the tight 
antecubital space and may be due to arterial or 
venous obstruction. The malunion seems to be 
as much due to difficulty in visualizing the 
alignment through the use of roentgenograms 
and difficulty in preventing internal rotation of 
the distal fragment as to anything else. 

If a simple closed reduction is to be at- 
tempted, it is readily appreciated that, if the 
fracture line is oblique, it will be most difficult 
to hold the fracture reduced even with external 
flexion which may jeopardize the circulation. 
A transverse fracture line which can abet 
abutment of the fracture fragments is necessary 
to hold the reduction. Closed reduction is 
usually performed by increasing the deformity, 
procuring contact of the fragment and then 
restoring normal anterior angulation of the 
distal fragment and holding in flexion. 

An oblique fracture line, marked swelling, 
any sign of diminished sensation, circulatory 
interference or loss of motor function are indica- 
tions for treatment in traction. To this one 
might add any doubt about the patient’s 
future course. 
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Common Childhood Fractures 


Dunlop’s traction is safe and simple. It con- 
sists of adhesive traction to the forearm with 
the arm abducted and an upright pole holding 
a pulley for the traction rope. A weight sus- 
pended by a strap over the midhumeral area is 
often added to diminish anterior angulation of 
the proximal fragment. 

Still greater control of the distal fragment 
can be achieved by an ulna skeletal transfixion 
pin or wire. The elbow can now be partially 
flexed and skin traction added to the forearm. 
An element of external rotation must usually 
be added to the traction to avoid malunion. 
When the arm is removed from traction, union 
must be sufficiently strong to prevent recur- 
rence of internal rotation of the distal fragment 
or a shoulder spica must be used to maintain 
rotation. The arm held by a sling at the side 
tends to be drawn into internal rotation relative 
to the position of the proximal fragment. 

As far as plaster immobilization is concerned, 
it is worth while mentioning that in children 
plaster splints are hazardous. A circular cast Is 
needed to withstand the tough knocks a child 
will encounter. Plaster splints crack and give 
way sometimes resulting in loss of position. 


FRACTURES OF THE FEMORAL SHAFT 


Fractures of the shaft of the femur are often 
overtreated in infancy and childhood. If com- 
pound fractures are excluded, the indications 
for open reduction are hard to find. It would be 
exceedingly difficult to find a childhood fracture 
of the femoral shaft that would not be better 
treated by closed methods. 

In infants the much used Bryant’s traction is 
associated with the danger of Volkmann’s 
ischemic contracture of the calf and, if used, 
must be closely watched. Most fractures in this 
group when occurring in infants can be readily 
treated by closed reduction and the application 
of the hip spica. 

Absolute anatomic alignment is not necessary 
and the capacity for reformation of a normal 
appearing femur is great in this age group if not 
interfered with too much. An anterior curve to 
the femur is a requirement, however, and the 


femoral shaft should not be allowed to become 
convex posteriorly. 

In the older age group closed reduction and 
application of a hip spica often is all that is 
necessary. Growth stimulation does take place 
in fractures of the femoral shaft in children and 
appears to correlate with the difficulty in the 
face of re-establishment of the medullary canal. 
An accurately aligned fracture may have slight 
stimulation, a grossly overridden fracture, 
considerable stimulation. 

The more difficult fractures can be treated in 
a clear and simple manner by femoral pin and 
traction to the skeletal fixation. The lower leg 
is placed in a cast supported by slings with the 
knee at ninety degrees of flexion to avoid 
posterior angulation of the distal fragment. 


CLAVICULAR FRACTURES 


No brief treatise on fractures in infancy and 
childhood would be complete without mention- 
ing fractures of the clavicle. So much difficulty 
follows open reduction of these fractures in 
childhood that it is mentioned only to be 
condemned. It is hard to find an indication for 
open reduction in this age group. If cosmetic 
appearance is the indication, consider the 
usual end result of open reduction with its 
scar, massive callus, nonunion and pain on 
motion. 

In infancy a small interscapular pad is all 
that is necessary. In childhood some form or 
variation of figure of eight splinting is all that 
is required. One must guard against too tight 
an application which causes excess axillary 
pressure. Tight strapping is not necessary. The 
rather large callus that forms and is readily 
palpable by three weeks after fracture remodels 
well when it has been treated in a closed man- 
ner. Any deformity that remains is more readily 
recognized by palpation than visualization. 
This fracture suffers much from overtreatment. 
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CASE ANALYSIS CLINIC 


Ileal Atresia of the Newborn 


Jacques DuCHARME, M.D., Columbus, Obio 


From the Department of Surgery, Children’s Hospital, 
Obio State University Hospital, Medical Center, Colum- 
bus, Obio. 


geen K. S., a three and one-half day old 
white girl, was admitted to the Columbus 
Children’s Hospital on September 22, 1958 at 
6 p.M. because of vomiting and abdominal dis- 
tention. She was born on September 19 at 
8 A.M. in an out of town hospital. Her weight 
at birth was 7 pounds 11 ounces. She did well 
until forty-two hours after birth when she 
started to vomit, mucus at first, then green- 
stained material after each feeding. At seventy- 
two hours of age her abdomen was distended. 
At that time it was realized that she had not 
passed any meconium since birth; therefore, 
1 dr. of glycerin was instilled in her rectum 
and 8 drops of castor oil were given orally. 
Following this, she passed ten to twelve small 
hard grayish pieces of material. However, 
the vomiting persisted and the abdomen 
appeared even more distended so she was 
transferred to the Columbus Children’s Hos- 
pital. The prenatal and family history was not 
available as the child had been brought in by 
a nurse who was not familiar with the case. 


PHYSICAL EXAMINATION 


The patient was a normally developed female 
baby weighing 6 pounds 3 ounces. She was 
quite active, had good peripheral circulation 
and showed no evidence of shock. The pulse 
was 128 beats per minute and the temperature 
was 97°F. The baby did not appear as de- 
hydrated as the loss of weight might indicate. 
Pertinent findings were limited to the abdomen 
which was markedly distended and tympanitic. 
The abdominal wall could be depressed easily 
when the child was quiet. No masses were felt 
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and no bowel sounds were heard after listening 
for three minutes. Rectal examination showed 
an empty ampulla and absence of meconium 
on the gloved finger. The umbilical stump 
was dry. 

Laboratory studies on admission revealed 
the following: hemoglobin, 24.8 gm. per cent; 
white blood count 20,000 per cu. mm. with 23 per 
cent band forms, 44 per cent segmented forms 
and 35 per cent lymphocytes. Serum sodium 
was 90 mEq./L. and the serum chloride level 
was 92 mEq./L. The voided urine showed 
specific gravity of 1.020, 5 or 10 white blood 
cells and 3 or 4 red blood cells. 

Supine and upright roentgenograms of the 
abdomen and chest were taken. Multiple dis- 
tended loops of what appeared to be small 
bowel with fluid levels were seen which sug- 
gested a mechanical small bowel obstruction. 
No calcification or free fluid were present in 
the abdominal cavity. 


EARLY MANAGEMENT 


On arrival on the ward, a plastic catheter 
was placed in the vein of the left ankle and a 
multiholed No. 12 F. urethral catheter was 
inserted into the stomach for nasogastric 
suction. Following this, the patient was given 
a barium enema. At fluroscopy, the colon was 
of the unused ribbon type and the contrast 
material flowed throughout all segments of 
the colon up to the cecum. The area of obstruc- 
tion was thus located in the small bowel and 
the differential diagnoses considered were 
atresia or stenosis of small bowel or meconium 
ileus. 

The patient was rehydrated, first with 60 cc. 
of 5 per cent dextrose and saline, calculated on 
the basis of 350 cc./M?. This was given in a 
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few minutes. She then received a 1:1 solution 
of 5 per cent dextrose in water and 5 per cent 
dextrose in saline on the basis of 1,800 cc./M? 
for twenty-four hours. She received that solu- 
tion for the first eight hours. During the 
following eight hours, a 2:1 solution of dextrose 
in water 5 per cent and dextrose in saline 
5 per cent solution was given, also on the basis 
of 1,800 cc./M? for twenty-four hours. The 
gastrointestinal tract was simultaneously de- 
compressed with nasogastric suction. Since 
there was no evidence of impaired circulation 
of the bowel, it was decided there was no 
immediate urgency about the operation. In- 
deed, it was believed that after correction of 
the dehydration and decompression of the 
bowel, the patient would stand the operation 
much better. She was typed and crossmatched 
for 3 units of 60 cc. each of whole blood. 

On the morning of September 23 her weight 
was 7 pounds 3 ounces including the naso- 
gastric tube and the cut-down apparatus. It 
was therefore believed that she had gained 
6 or 7 ounces. She also had voided but no stool 
had been passed. Her serum electrolyte values 
at that time were carbon dioxide 28 mEq./L., 
chlorides 94 mEq./L., sodium 136 mEq./L. and 
potassium 4.3 mEq./L. The blood urea nitrogen 
was elevated at 33 mEq./L. Rehydration was 
continued and during the following eight hours 
the patient voided three times. 


SURGERY 


On the afternoon of September 23 the 
patient was explored through a transverse 
supraumbilical incision under endotracheal 
cyclopropane anesthesia. She was found to 
have distended loops of small bowel down to 
the midileum. At that point the bowel and 
mesentery were absent for a distance of about 
3 inches. Distal to that point, the ileum was 
of microsize with a diameter smaller than 
a lead pencil. The colon was unused but other- 
wise normal. The rest of the exploration was 
negative. The loop of small bowel immediately 
proximal to the atresia was markedly dilated 
and dusky in color. It was decided to resect it 
along with the atretic small bowel down to the 
cecum. The distal ileum was closed at its 
entrance into the cecum and two layer, end to 
side, ileo-ascending colostomy was constructed 
with interrupted sutures of No. 5-0 black silk. 
The anastomosis could easily admit one finger. 
The length of the resected bowel was 45 cm. 


689 


and, as estimated, 40 per cent of the total 
length of the small bowel. 

To decompress the anastomosis, appendec- 
tomy was performed and a size 16 polyethylene 
tube was threaded through the base of the 
appendix in the cecum and in the small bowel 
through the anastomosis. We estimated that 
the tip of the tube was placed about 3 inches 
proximal to the anastomosis. The base of the 
appendix was inverted around the poly- 
ethylene tube, which was brought to the out- 
side through a stab wound 1.5 cm. below the 
incision. Estimated blood loss was 60 cc. and 
the patient received 75 cc. of blood during 
the whole procedure. She tolerated the oper- 
ation well. 


POSTOPERATIVE MANAGEMENT 


Postoperatively, Wangensteen suction was 
applied to the nasogastric tube and the ap- 
pendicostomy tube was placed on gravity 
drainage. Water, electrolyte and partial caloric 
maintenance requirements were covered by 
intravenous therapy on the basis of 1,200 
cc/M? per day of a polyvalent solution with 
10 per cent sugar. Forty-two hours after the 
operation the patient had a bowel movement 
and the nasogastric tube was removed. She 
was fed 3 ounces of Karo water every three 
hours for six hours. When it was evident that 
this was being retained, she was given the 
same amount of evaporated milk formula. The 
following day she was put on 4 ounces of for- 
mula every four hours, a normal diet for her age. 

The appendicostomy drained only a few cubic 
centimeters of greenish liquid per day and the 
tube was removed on the fifth postoperative 
day. The patient was ready for discharge on 
the sixth day but, since the routine culture on 
admission of the umbilicus showed Staphylo- 
coccus pyogenes (phage type 80-81), this was 
treated for seven days with Chloromycetin.® 
The umbilical infection was cleared on October 
4. The patient was passing eight or nine yellow 
to green semiliquid stools per day. Her perianal 
area was irritated for a few days but responded 
to exposure to air and no-diaper routine. She 
was discharged on October 5. At discharge her 
weight was 7 pounds. 

At the age of seven months, she weighs 
15 pounds which places her in the tenth per- 
centile. She has three normal bowel movements 
a day. Her mother estimates that she is devel- 
oping as her other children did. 
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COMMENTS 


Ileal atresia is the most common type of 
intestinal atresia of the newborn. In Gross’ 
series of 140 cases, ninety-one were located in 
the small bowel below the ligament of Trietz 
and seventy-two of these were in the ileum. 
This case outlines a method of treatment of 
ileal atresia which has resulted in low mortality 
and morbidity. 

Diagnosis and Preoperative Care. The diag- 
nosis of intestinal obstruction in the newborn 
is easily and quickly made once it is suspected. 
In this case the clinical findings were typical: 
abdominal distention, bile-stained vomitus and 
failure to pass normal amounts of meconium 
in the first day of life. Hydramnios is not 
expected to occur in obstruction as low as this 
but is frequently present in more proximal 
obstructions. 

X-ray films of the abdomen in simple flat 
and upright position are almost diagnostic 
when showing distended loops of bowel con- 
taining fluid levels. 

A barium enema is given on all low intestinal 
obstructions as suggested by Swenson. Useful 
information is obtained from this procedure. 
In small bowel obstruction a small ribbon-like 
but otherwise normal colon will be seen. This 
of course proves that the obstruction is 
proximal to the colon and it also renders the 
exploration of the large bowel unnecessary at 
surgery, thus reducing the operating time. 
At times intrinsic colonic disorders, such as 
malrotation of the bowel or obstruction, will 
be revealed. 

Treatment is started without delay and 
consists of nasogastric suction, electrolyte 
solutions, colloids and antibiotics. Twelve to 
fifteen hours of such therapy is expected to 
place the patient in optimum condition for 
definitive surgery. 

Operation. The problem at surgery is to 
relieve the obstruction and leave enough bowel 
to insure normal growth and nutrition. In the 
past this has been accomplished by exterior- 
ization procedures. In 1952 Gross, using 
a Mikulicz type of exteriorization, reported 
a 70 per cent rate of cure (twelve of seventeen 
cases in 1952). However, this method requires 
long term supportive therapy and a second 
operation. 

More recently Benson, Gerrish, Swenson and 
others have cured 70 per cent of their patients 


by using resection and primary anastomosis. 
This method, having a lower morbidity and 
simpler postoperative management, is pre- 
ferred by us. 

We would like to stress three points that we 
feel contribute to reduction of complications: 

1. Resection of all Abnormal Bowel: Louw 
lists prolonged postoperative ileus and dis- 
rupted suture line as major causes of failure 
in forty-four cases reviewed by him in 1952. 
The main cause of prolonged postoperative 
ileus is the distended loop of bowel proximal 
to the anastomosis. Its walls are hypertrophic, 
atonic, edematous and poorly vascularized 
and there is little doubt that many days will 
be required before functional peristalsis is 
generated by this loop. Its presence favors 
stagnation of intestinal content and delays 
the opening of the anastomosis. Furthermore, 
the often impaired blood circulation of that 
loop makes it unsuitable for anastomosis. 

Distal to the obstruction the ileum has a 
narrow lumen and is an obstacle to the pro- 
pulsion of the intestinal content. High pressure 
will be needed to propulse the intestinal con- 
tent through it, increasing the risk of leaks 
at the anastomotic line. 

We believe that resection of the proximal 
loop and of all of the microsmall bowel from 
the obstruction level down to the ileocecal 
valve should reduce the most common com- 
plications by assuring an early return of 
peristalsis and functional continuity. 

This policy may, for certain high ileal atresia, 
imply extensive resection of bowel. What then 
will the late results be in such a case as far 
as growth and nutrition are concerned? 

Many reports indicate that small animals 
and babies can grow and develop normally 
after extensive resection of the small bowel. 
Clatworthy in 1952 demonstrated in nineteen 
puppies that 40 to 80 per cent of the small 
bowel below the ligament of Treitz could be 
resected without impairment of growth and 
development. The mechanism of compensation 
is apparently dependent upon an increase in 
the absorptive surface and a decrease in the 
motility of the remaining bowel. Pilling re- 
ported two cases of infants three weeks and 
1 day old respectively that were left with 
28 cm. of small intestine (15 cm. of jejunum 
and 13 cm of ileum). Their gain in weight was 
steady after four to six weeks. After four and 
one-half years and eighteen months of follow-up 
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their weight is in the tenth and fifteenth 
percentile. Benson, after studying fourteen 
cases, states that 42 cm. of ileum and 89 cm. 
of jejunum can be removed without apparent 
ill effects. 

2. End to Side Ileo-ascending Colostomy: 
This anastomosis avoids the difficulties of 
constructing an anastomosis between loops of 
bowel of different caliber. It is readily con- 
structed, is of good size and avoids the com- 
plications of the side to side anastomosis, 
namely, dilatation, ulceration and hemorrhage. 
Furthermore, the portions of bowel approxi- 
mated have a good circulation which favors 
early healing. 

3. Decompression of the Anastomosis: As 
pointed out by Gerrish and Glover, the amount 
of air swallowed by these babies is prodigious 
and no anastomosis, however skillfully fash- 
ioned, can withstand the intraluminal pressure 
so created. 

Gerrish decompresses the anastomosis by 
a small polyethylene tube inserted in the 
bowel 10 cm. proximal to the anastomosis. We 
achieve the same results by threading the tube 
through the base of the appendix in the cecum 


and finally in the small bowel through the 
anastomosis. The tip of the tube is placed 
3 to 4 cm. proximal to the anastomosis. It is 
pulled out after normal peristalsis has returned 
and the anastomosis has started to function. 

By following this management we have 
obtained results comparable to those of Gross 
and Benson. A complete analysis of our series 
of cases will be the object of a publication by 
other members of our group. 
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SPECIAL DEPARTMENTS 


Surgery Court Cases 


Howarp Newcoms Morse,* Chicago, Illinois 


GLUCKSTEIN VS. LIPSETT 
District Court of Appeal of California 
209 P. 2d 98 


A woman fifty years of age, a subject of 
England, where she was in business as a dress 
designer, contacted a surgeon in San Fran- 
cisco, California, concerning plastic surgery 
to her breasts and abdomen. The surgeon 
examined her and found that her breasts were 
pendulous and her abdomen large, with an old 
scar from prior operations. For the sum of 
$2,000, to include hospital expenses, he agreed 
to raise her breasts and remove the scar and 
excessive skin on her abdomen. The surgeon 
looked at her body and said, “I could make a 
perfect job of that.’’ He assured her that the 
required operation could have no ill effects, 
and could not give rise to pain, discomfort, 
lumps or carcinoma in the breast. 

The patient entered the hospital on July 2 
and was operated on by the surgeon the next 
day under general anesthetic. When she re- 
turned to the room she was in terrific pain. 
Drugs were given her to lessen the pain. On 
July 7 she was again operated on by the sur- 
geon, this time under a spinal anesthetic. On 
her return from surgery she was likewise in 
terrific pain and was very ill. She remained in 
the hospital until July 19, when a hospital 
attaché informed her that her bill had reached 
the sum of $500, which was the limit the 
hospital had been told the surgeon would pay, 
and from then on she would be expected to pay 
all hospital expenses. She then removed to a 
hotel, although she did not feel well enough 
to leave. She was in bed at the hotel off and 
on for a week. She had a “tightness below the 


belt, right in the waistline and . . . could not 
breathe properly.” 

Prior to surgery she had no lumps in her 
breast. After it a small lump in the left and 
a large one in the right breast gradually 
developed. The pain from the latter was con- 
stant. In the hospital after the second oper- 
ation, while the surgeon was dressing the 
patient’s wounds, a nurse stated to him that 
the patient’s nipples were too high, and that 
one breast was larger than the other; that 
“the breasts looked terrible.”” The surgeon took 
the nurse out of the room. 

There were photographs of the patient’s 
breasts and abdomen before and after the 
surgery. The photographs disclosed a dis- 
figurement of her body. There was an ugly, 
wide, jagged scar extending from the pubes to 
a point several inches above the waistline. 
The abdominal area was distorted to the left. 
One of her breasts was considerably larger 
than the other. Just above the lower edge of 
her left breast there was an ugly long and wide 
scar. There was a similar scar on the lower 
edge of her right breast, which, however, being 
under the breast, was not so visible as that on 
the other breast. The nipples were considerably 
above their normal position on the breasts 
and out of line, giving her breasts a most 
unusual, even ludicrous appearance. The scars, 
the distortion of the body and peculiar position 
of the nipples gave her a grotesque appearance. 

The patient brought an action in the Superior 
Court of San Francisco County, California, 
against the surgeon to obtain damages for 
alleged malpractice. A jury returned a verdict 
for the patient in the amount of $115,000 and 
the court entered judgment accordingly. The 
surgeon appealed. 


* Counsellor at Law of the Supreme Court of the United States of America. 


American Journal of Surgery, Volume 101, May 1061 
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The District Court of Appeal of California 
affirmed the decision of the court below. The 
District Court of Appeal declared: “ . . . the 
results were such as to demonstrate a lack 
of care and skill on the part of defendant (the 
surgeon) ... the disfigurement of plaintiff 
(the patient) demonstrates a lack of skill. Her 
appearance speaks for itself. It could not have 
been caused by merely an error in judgment, 
for which the cases hold a doctor cannot be 
held responsible. Only a lack of care or skill 
could bring about the repulsive condition 
shown by the photographs.” 


VALDEZ VS. HANKINS 
District Court of Appeal of California 
211 P. 2d 6 


The patient had an enlarged lymph gland 
in the right axilla. The surgeon was a resident 
physician at the County General Hospital 
in Los Angeles, admitted to practice two years 
prior to the patient’s operation, and assigned 
to the surgical service. The patient’s case, as 
was usual in such matters, was referred to the 
hospital Malignancy Board composed of eight 
or nine physicians. The Malignancy Board 
recommended that the enlarged gland should 
be removed and examined microscopically to 
determine if it was malignant. Pursuant to 
such recommendation, the patient entered the 
hospital and signed the usual written consent 
authorizing the performance of such operations 
as might be ‘‘deemed advisable or necessary.” 

The gland in question was excised and sent 
to the hospital laboratory for examination. 
Shortly thereafter and while the patient was 
still under anesthesia, Miss Rydalch, the head 
nurse, announced that the laboratory report 
was “carcinoma of the breast.”’ The patient’s 
right breast was then removed. More than 
twenty minutes after the laboratory report 
was announced, when the operation ‘was 
almost finished,” Miss Rydalch brought in 
a written report to the effect that ‘“‘the diagno- 
sis has been changed by the laboratory,’’ and 
that ‘“‘they now think that this is a Hodgkin’s 
disease, or a possible lymphoma.” The oper- 
ation was commenced “right away” after 
receiving the mistaken report of carcinoma for 
the reason that, “The woman was under an 
anesthetic” and the surgeon “was under 
moral obligation not to keep her under the 
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anesthetic any longer than was possible or 
necessary.” 

The patient filed an action in the Superior 
Court of Los Angeles County, California, 
against the surgeon to obtain damages for 
alleged malpractice. At the trial, in answer to 
a hypothetic question, the patient’s expert, 
a physician, expressed an opinion “that the 
operation was premature; that sufficient or 
accurate diagnosis had not been made.” 
Another physician, called by the surgeon, 
stated that under the circumstances of the 
case, “I would feel it necessary to operate 
. . . because carcinoma of the axillary glands 
in practically all cases are metastatic from 
a primary carcinoma of the breast.” A similar 
opinion was expressed by still another physician 
who was a witness for the surgeon. The court 
found that the surgeon negligently diagnosed 
the condition as carcinoma of the breast “‘and 
did then and there fail to discover by the 
exercise of ordinary care that said breast was 
not affected with carcinoma, or any other 
disease.’’ The court further found that the 
surgeon “‘did carelessly, negligently and wrong- 
fully remove the right breast of plaintiff (the 
patient).”” The court rendered judgment for 
the patient, fixing her damages at $7,500, and 
the surgeon appealed. 

The District Court of Appeal of California 
reversed the decision of the lower court. The 
District Court of Appeal stated: ‘‘The judg- 
ment herein, holding the defendant (the 
surgeon) ... liable for negligence in the 
diagnosis of plaintiff’s ailment and the negligent 
and wrongful removal of the breast, must be 
reversed because of a total lack of evidence as 
to negligence on the part of (the surgeon) .. . 
any ‘negligent and mistaken diagnosis,’ the 
causa causans of plaintiff’s injury, was a 
matter with which . . . (the surgeon) had no 
connection whatsoever. The mistake in ques- 
tion emanated from the pathological laboratory 
of the hospital.” 


FRITZ VS. HORSFALL 


Supreme Court of Washington 
163 P. 2d 148 
The patient, complaining of heartburn, con- 


tacted the surgeon. The surgeon took x-ray 
pictures of the patient and advised surgery for 
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the removal of the appendix and gallbladder. 
The operation was performed on March g. The 
patient remained in the hospital until March 30 
at which time he returned to his home in the 
care of a nurse. 

While at home the wound discharged bile and 
at one time during the first part of May a piece 
of gauze was pulled from the wound by the 
patient’s mother. His mother thought that the 
gauze was a piece of the intestine. It had a bad 
odor and was soaked and discolored. The wound 
continued to discharge until the month of July. 
During that period of time the patient suffered 
from fever and chills. At times he coughed and 
vomited blood and bile. 

In July the surgeon opened the wound several 
times. After each treatment the patient would 
feel better. During the last part of July or the 
first of August the patient returned to the hos- 
pital and a second operation was performed. At 
the end of seventeen days in the hospital he 
felt better and returned to his home. Again 
after the wound had healed, fever developed. 

The surgeon reopened the wound to allow 
further drainage. Once more the wound healed 
and the patient “got deathly sick.’ He coughed 
and suffered from chills. The patient then went 
to the hospital. The wound broke open and 
emitted a quantity of bile and blood. The pa- 
tient again returned to his home and later went 
to the surgeon’s office where an injection of 
fluid was made and an x-ray picture taken. 
During a conversation with the patient the 
surgeon stated in speaking of other surgeons, 
“They told me I made a slip.” Then he added, 
“Now, listen, you know that any man can 
make a slip but I know J didn’t.” 

On December 3, the patient arrived at the 
Mayo Clinic in Rochester, Minnesota, where 
an operation was performed about the middle 
of December by a second surgeon. Later a post- 
operation was performed. He was discharged 
from the hospital at Rochester on January 19 
of the following year and returned to Seattle. 
The drainage from the incision ceased after his 
trip to the Mayo Clinic. After returning to his 
home, the patient “felt like I was on the road 
to recovery.” Later he had jaundice, chills and 
fever. A physician treated the patient and 
administered a sulfa drug. The patient then 
called on another physician who administered 
sulfadiazine. 

In May the patient went back to the Mayo 
Clinic and was examined by the second surgeon. 
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On about June 3rd or 4th the patient returned 
to Seattle and then suffered from fever, jaundice 
and infection. Once more he journeyed to 
Rochester where he remained for about one 
month during which time another operation 
was performed by the second surgeon. Later 
in September the patient made another trip 
to the Mayo Clinic where he stayed for a period 
of ten days. At that time a duodenal drainage 
was given the patient. Upon returning to his 
home the patient continued to suffer from 
jaundice, fever, chills and infection. He then 
went to the Swedish Hospital in Seattle and 
was attended by still another physician after 
which he ‘“‘felt somewhat better.” After the 
patient’s return from Rochester he had a con- 
versation with the surgeon, in which he told 
him that he had been compelled to go to the 
Mayo Clinic which cost him “considerable 
money,” and thought that the surgeon should 
help him. The surgeon replied, “‘I fully agree 
with you,” and, “I intend to help you but first 
I want to write to the Mayo Clinic and verify 
what they have done, and then I will get in 
touch with you.” Later, the patient called the 
first surgeon and was told that the surgeon had 
done nothing wrong. 

The patient filed an action in the Superior 
Court of King County, Washington, against the 
surgeon to recover damages for injuries result- 
ing from alleged malpractice. A jury returned a 
verdict in favor of the surgeon. The patient 
made a motion for a new trial. The motion was 
granted. The surgeon appealed from the order 
granting the patient’s motion for a new trial. 

The Supreme Court of Washington reversed 
the decision of the lower court granting a new 
trial and instructed that court to dismiss the 
case. The Supreme Court held that: (1) The 
order granting a new trial should not be dis- 
turbed by it unless it found that the evidence 
was not sufficient to warrant the trial court in 
submitting the case to the jury, and (2) the 
evidence was not sufficient to take the case 
to the jury. 

The Supreme Court stated: “It is not re- 
quired that physicians and surgeons guarantee 
results, nor that the result be what is desired. 
. . » The great mass of evidence supplied in 
this case does not prove negligence on the part 
of appellant (the surgeon). It does, on the other 
hand, prove that the appellant used great care 
in performing the operation and administering 
to his patient’s needs after the operation.” 
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BOOK REVIEWS 


Importance of the Vitreous Body in Retinal Surgery. 
By Charles L. Schepens. C. V. Mosby Co. St. Louis, 
1960. $15.00. 

This book reviews presently known facts of 
vitreous structure and physiology and particu- 
larly stresses points of probable clinical sig- 
nificance. Findings by both laboratory and 
clinical methods of examination are described 
and illustrated. The clinical portion of the text 
includes various buckling procedures as well 
as vitreous implant technic. 


W. H. H. 


St. Peter’s Hospital for Stone 1860-1960. Edited by 
Clifford Morson. 64 pages. E. G. S. Livingstone Ltd. 
London, 1960 (Williams & Wilkins Co., American 
agent). $5.00. 

This book would be of interest to the alumni 
of St. Peter’s Hospital for Stone and perhaps 
furnish a few fragments of historical interest 
to urologists studying the history of this spe- 
cialty. The book is a compilation of information 
on the operation itself, personalities and de- 
velopment of technics in treatment, diagnosis, 
etc. in the history of this institution. 

4. T. 


Transactions—American Society of Artificial In- 
ternal Organs, Volume 6. Edited by George Schreiner, 
Modestino Criscitiello, John Maher and Joan P. Ryan. 
380 pages. Georgetown University Press. Georgetown, 
1960. $8.00. 

Volume 1 of the Transactions of the Ameri- 
can Society of Artificial Internal Organs has 
been listed as a classic. Volume v1 is no less a 
publication than the first. In this, there are 
outstanding basic research papers on the heart, 
kidney and lung. There are too many names 
to be listed, but the authors of the articles con- 
tained in it are outstanding men in their fields. 

Dr. George E. Schreiner, the Editor, is to be 
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congratulated for an outstanding edition. 


F. M. 


Practical Clinical Management of Electrolyte Dis- 
orders. By William J. Grace, M.p. 132 pages. Appleton- 
Century-Crofts, Inc. New York, 1960. $4.95. 

This little book is unique among the many 
volumes on fluid and electrolyte management 
now appearing. This is because the author has 
presented first the clinical syndrome as illus- 
trated by a case history or two. This makes the 
first part of the book extremely readable and 
informative. Treatment of a number of com- 
mon syndromes is described in detail. The book 
is at its best in the first few chapters in which 
electrolyte disorders commonly encountered 
in the practice of internal medicine are dis- 
cussed. These include alkalosis, congestive 
heart failure, severe renal disease, acute renal 
failure, and diabetic acidosis. There is an ex- 
cellent chapter on the influence of electrolytes 
and digitalis on the heart. 

This is a small book which is to its credit. 
However, it will have very limited usefulness 
for surgeons. The book has set out to describe 
electrolyte disorders and this it does well. How- 
ever, it does not include anywhere a system by 
which patients undergoing operation may be 
maintained in electrolyte balance through long 
periods of intravenous fluid therapy. Replace- 
ment of losses from the stomach, bile, or intes- 
tinal fistuli are not discussed. Nevertheless, 
there is a logical and simple chapter on replace- 
ment of electrolyte deficits. However, the dis- 
cussion of potassium deficits is oversimplified, 
and the treatment outlined would probably be 
grossly inadequate. 

This book could be recommended quite 
heartily as supplementary reading for students, 
house officers, and practitioners primarily 
interested in cardiac and renal disorders. 


D. W. 
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IN MEMORIAM 


Dr. Howarp CureistIAN NAFFZIGER, neurosurgeon, died on March 
21, 1961, at seventy-six years of age in San Francisco, California, after 
a brief illness. Dr. Naffziger was formerly President of the American 
College of Surgeons and a Regent of the College for sixteen years. 
He was also a Founder member and Diplomate of the American 
Boards of Surgery and Neurological Surgery. He served on the 
Advisory Board of THE AMERICAN JOURNAL OF SuRGERY from 1930 to 
1959, and was a member of advisory and editorial staffs of several 
other surgical journals. 

Dr. Naffziger was an active contributor to numerous medical and 
surgical organizations at the international, national, state and local 
levels in both official and member capacities. He also served abroad 
as a military officer and civilian consultant for the Office of the 
Surgeon General during World Wars 1 and un, the Korean War and 
during 1954 and 1957. 

Among other public services he was Chairman of medical missions 
to Poland and the Philippines for the Unitarian Service Committee in 
1946 and 1948, respectively. 

From 1912 to 1951 he was a member of the Faculty of the Uni- 
versity of California Medical School, his alma mater, and was a Regent 
of the University from 1952 to March 1961. He was Chief Surgeon at 
the University Hospital from 1929 to 1947. 

He maintained a keen interest in medical and educational affairs 
to the end. His wise counsel will be missed by all. American and 
international surgery has truly lost a great leader. 
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